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ABSTRACT 

PURPOSE: To manufacture a high-performance and high-density large scale 
integrated circuit device with excellent yield by accurately aligning and 
laminating semiconductor layers whereupon a plurality of semiconductor 
integrated circuits are formed. 

CONSTITUTION: A semiconductor integrated circuit device layer is formed by 
laminating a flat quartz substrate 30, which permeates ultraviolet rays, on 
the major surface of the semiconductor integrated circuit device formed on 
a semiconductor substrate with adhesive 20 and by thinning the layer. The 
thin layer and a separately prepared semiconductor substrate 11 mounted 
with a semiconductor integrated circuit device are aligned and laminated by 
high- accuracy using ultraviolet rays. An aligning device provided with a 
mechanism which corrects pattern deformation caused by film forming 
process, etc., in the whole area of the semiconductor substrate and allows 
correct aligning is used. After the second lamination, the first adhesive 
is melted so as to release the quartz substrate and a laminated 
semiconductor integrated circuit device is formed. 
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I 

m#mm&*$w&* \z>s>ti < t t>—z>a*m#£mw 

-oeajBSBFiBi»tt**L. B.-3m®?z&*mftm 
®®&m&mwTs.wzm$$tiit*i$#mBnmi8¥ 
t. Ksa?*aaLTT»©Ksa^»cs-r-s«^3«# io 

-©eaaffip»BH*tte*u. £-3±bbo±e*bb 
^mttnmm&z mm LTTS»©K*isa*jBft»8i 

B«XttE«««£fcB3*l*«ttBS#£BAfcwi: 20 
*BB&-9-«¥**ftBBBsB. 
[SfjRB 3 ] m* m 1 Xtt 2 Ktt©¥8#*aiEl8Sgg 
fcSfrvc. «Br«±B¥W4t^BB£BBtttt«B 

[B*B4 ] B*£ 1 Xtt 2 £tt©¥B*£BBB£fl 

ttBBBBBB. 

T. ±EE»B©4>fc< tfc-BttEttT&O. l^f 

c t sfcat-rs^BttsiBiHiBBB. 

C*tt»T. B&-r«±E¥BflEBBBB£BB©-#IC 

[Bjrjs 7 ] g»*jg i xtt 2 &&m*m#mm®96i£® 

K*WT. BBT«-*OJbE¥*ttBBBBBBB«!> 40 
ElBgfi. 

[B#Jg8] B*B7EB©¥*#BBBBBB££» 
T. ±E«BB?©-;£©ttBttJiB&&BB$fcttiiS 
■jftBBBftll&flaidn. K&JSK£fctt&&JSJ£{t 

K«±se h 7 x ^tvcbu- stress c <t £<&a* 

&-*-«¥«*ftBBBBB. 

[»*W9] B*BlXi*2EB®¥tt£BBBBBB 50 
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ICfclAT. B«UT«lHftSn«-*©±E*«it«ffl 
IhIK^BO te* * 'J -feJUT U- ©*TM$n5 d£:£ 
ftffl-ra¥Bfl£BffllslBBB. 

[bbbi o) ft$3ixtt2E8©^*B*BB£ 

■C6V>T. «B<t3n*B»©±E¥B#£BlilBB 
BBM&EBBB. KCttBEB«B«#-r«2:^««r 

[B*JH1 1] BI*«lX«2E«©#*#«fflEIBS8 

BJf ttiftfigBRtf *r S/aEB«B*#r* C t * 

[B#« 1 2 ] B*B 10X1111 £«©¥*tt*«EI 
BBBfcU^T. BBfl:3tiStte±E¥W*BBBB 
BBBtt+*»BBBe*"r«Ctft»Btr*i|iB«: 
£BBB£B. 

m#m 1 3 1 n^n i xtt 2 e&©¥&#&&isib£ 

BSrf*±E¥B#fcffll3g&BBB©«» 
T«ffiBlC»©HBT«ttiaBB2:. *©Bna»*BB 
f -5 X -f y ^ <t: Hm» 6 nt H * C t i: f 5 ¥»■ 

[fflf*J§l 4] BBBW/t^- 1©*«© 
BfBB«fc*W«ffiB5FlE*«tt«J*fcttj»W^ABilq 

K±D«BBjEf fc«kt;{iB«iai/x^-> 
**t*b 2 ©aist^sg 1 ©s«*KttBttiti/t*- 

>*ffl^TB^-r««W*R. K»1©£«£B»2© 
aMgt«B**«BB*B*«-r*C4:S»afrs* 
B#£ffl[lB£B©«££fi. 

■Hi 5] m#mi 4Ett©¥B(Ml«BBttB© 
BBBBCJSHT. ±EB 1 *3J:tfSil 2 ©S««c«*^ 
#£«lel8gB £ ft »¥«tt*ft BBBBff tfKrt $ n 

tv^s c t « ¥«<**iaisiss«B©iSji^ 
s. 

[BBBl 6] B^JSl 4tfclll SEBO^BfMHi 
HBBB©BBBBC*t>T, ±ES 1 ©Sfctt BjffiJt 
fcBLTBBT*«Ct*B«tr*JM««MII3B« 
B©BBBB. 

[B*«l 7] fit#Jll 4*fcttl 5. 6E 
B©*«#«BiaiS«S©S8jiSBC*^T. ±EB 1 
2 ©««©££H£¥®£fctef5rSi&®i;:£ 

»r*BW*ft**-r*ct*»Bfr**B*»aB 

8SftB©BB«fi. 

[B#J§1 8] Bl®¥**ftBBftttB4<ft£3nfc 

^® CB 1 ©S«^«r^ UT^Sife^ 2 ©Sffi t &}«Sf 
T-&XB. ttBl©SB«BBB^6BBB«S-7BflS 
^©SBS^iHt-r-SIg. Bfta^BflsLfcBB 
BlcB 2 ©BBBS^OT^BXl^BBftB 3 ©S«t 
ttBf«xa. ^l©SSSf®^l^*L. ^1©S«©± 
^BS'BiU-r^xa. B 2 ©¥B(MlBBBBB«tB»t 
6*1, i-3±«B«*TBfl:*n&B 4 ©S«<tK^ 1 © 
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mmzmzLs mt^^mtb 
^^isiss^siPBiTff^ c tew fitt-rs^^m® 

@SS»g©ffijg*ft. 10 
KiS^ffifcfc^T. ±!2fiS3©««fflj?r£W?rl;:±ffiSg 

2 ©ffi£iK:rts®&©aAft**i8:tf e>n-o>s c t 
as i ©¥3s#m*BiHjs&geji<!:±f2sg 2 <D*m&%m® 

Mig^ftlCii^T. ±!2^4©S1St±f2^l©S«© 
fcifU riO±f3Sg2©JgjtiJg£K«!s©&. 

[^©Mfcta^] 

{0 o 0 1] 

[S3S±©?iJffl#IF] *BBJIteSOI (S/U3>*>-f 

&iiiftgft&*-0Kft#t&. fttftc-eoafigften-f- 30 

•5. 
[0 0 0 2] 

#sbs**bu mtmtommzm&mtLTi'— tf- 
^«:?iiiic^^fi$sje-r5^ffi*<i$MBa6 2 - 

2 0 3 3 5 9^1^P^StlTU5. ^©^ffilciOSfji 
T. 3i2©¥8#«iB[2lKii2 0 2 ©m&iHtA<££i£ 40 

1 e>*m&ftkffi®9&® 2 0 1 tS&3UTS2ffl^ft: 
m®®®® 2 0 2 ^©*®{*SS©8(ii. RtfSB 1 ©¥ 
SJftJfUSBSSH 2 0 1 i:©^BBE^2 0 5A<Djffi-C& 

*J, dC:T2 0 3tt*g&Jl. 2 1 U4Sg 1 J§©E«IJf . 

2 2 l«$2@®Etl@, 2 1 2 lifg 1 )§©?Sfl:IH£. 
2 2 2teffl2li©«tt6I«, 2 13«mi^©y-h© 
ffi££T. 50 
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[0 0 0 3] l,a»Ufta*&#llltBtfcU~ tf-Xtttt^ 

&®#©ffiififc*cfE&n. 

2 0 3 ±©|g 2 <D*m&&m®te® 2 0 2 ii*ftAfc3 
n*£ttTi&0. *8«TiRttfigfc¥iS#gB£|&|fS2 
©¥8#*«lH|gSJg 2 0 2±®lC#3fcOSig-r-5C:i:tt 

Bin?**. M«c±te^ftic^^Tfim2©*^*^ 

HJS8I12 0 2^©ff^S^ji!lStt : b<»:«ki3^2©^ 
#m«(Hlg8Jl 2 0 2'v©¥&#gSffi!jil$©;§Sffl&J!lg 

#ifs i o*m<*mm\Bi&® 2 0 lic^jfi^n-sctttjM 
^f>n*v». seot. m 1 ©^®frmffliiiKg 2 0 1 

&0S8«H&¥i!M«£iaSSg 1 ©*3l»»SllaIi8B2 0 

7i/-©rt<iB»«***-etis<»:*fr<tt<. *on 

*»#«BMT7i'-t^aa[*Hi;<«ijafr*t»c»4 

teicscf < is o s i ©**#*&isibib 2 o 1 #*»ft 
[0004] *«ffltftoigjra«ftft-4-«*:ie>K:*w 

»SH*fctt¥«flc^«HH]gS«@*t«l^snfc=:tt©^ 

s-e-s¥J&i<«*tf , 7>f. a r7r7 , y^r-r>' 

40 fJ/Dyj (Y.Hayashi, et al. ."Fabrication pf 
Three-Dimensional IC Using Cumulatively Bonded IC 
(CUBIC) Technology" 1990 Symposium on VLSI Tech., 
p 95 (l990))K:PI»*nTV>-B. dOjSFflSTJHBSnfc 

¥m&mm<DWiww&m i c^-r. bi^t. 2« 

3f ; ?F.8#lStJg»8S, 9 0*^9 2 tt^^SfitS^^ 

nfcms. 94. 9 5 \smm&mie!8m-?8>z. km 

&3gf?fij9 6*5J:tf9 9 t-t©8i?L9 7, &tf&Jg:7-;U 
9 3ttgS2©¥ag#S«l 0 lflCfllJftgtU ftft/O 
79 8ttSSl©¥»#£«l OOftKHKlSStlTHft. 
[0 0 0 5] 

[*W*«»tfcLJ:5tr*Wi] ±Btt*«ftK*V»T 
14. flil®¥8*£gl 0OiS2fflfS#Ml 0 1 
©**fc«***lTt»«¥*tt««tt*H7-^9 3 t 

ftttfifcfflH**iJM*aS«l 0 0XIJ1 0 1145 0 Ow 
mGUbOftS fc**XI4T«ja#K:» UTftiiT** 
<k*WV»fc*H?L9 7 i&JBA>:/9 8 M©ttfi^-*»4«k 

o *w*»**aii?riiga#>nitfflv>T 

fr*)tlTk»fc. ^t. 4tBd««l«Cttjft]t(*D. ft 
tfmaT©/t^->^*»4BJiT»ofc. flP%. SiiSft 
»BSBK¥3H*3Sli©S@{b©r<!: < . 1 </ m£TF©A 
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(ooo6] *%vi<DEmm&m-em&®&t£&m® 
»«B*£B0A<awre»iw-*j:&K*«. $t* 
% h ©<s© g mt*m#£&M m tzan^m^mm 

^ft^rtlttTSCtTfeS. *f5e;i©fiS©gfcJteSO I 
3«£SE*©1 0*^10 0(g©il5fflSTfi:@##*<oJ 
l£fcS1SBi!i£ttg{l££<Hrr*lMC&.5. 10 
[0 0 0 7] 

[Sia£S?fc-f 5 £»©#©] ±I3BW«WTICJ:0^ 

j£2*aa. $gi©*s#&«EBgjsa<Kji$nfcSfii 

©¥3?#8«£3S 1 ©fc88J*flH>TS'J©S«<!:ifcg$ 

n^aw55s««tcs 2 ©&«iSij£ffi^T&jg-r*. r 
©#agj; 0 ft i ©&3&8j©igjrc3s i o>mmmv>*z® 

tf&umuTti-MzmKmtiiznT&miEmsmt 
^mzMLxmrnmrs o%jjut*o. 

SSffl^SC fcfc. ffl2©$8SiJ©jgS£tt 

f&3 ©&g&J£8*>Sfc^ttM©*mT8£Tntf& 

[0 0 0 8] »^fc$nAc^«£ftSlHlKS©^*ltfi© 30 

±t3©/t*->g£*iIELT*)!£fc<4@£i* 

-*Sfc«il^f©S«l^t-*S:EntinU. £*£fiIET* 

-)SK«9B£©*^flE«i®lHl»S^S[sl±*SaS-li-'5#ft 
SrSfflLfc. ::©*§£. j£I&l;:J;l9£D5SISttWl© 

#mm®&&®® wi± * s e> ic«» $ -a-s ®£ *> s e c 

[0 0 0 9] 

[fPffl] *f?^(zJ:ti«ajiSiHe¥g5(*ffiif0llI!Sgll$BI 
jtT5©<h|^«K£fti8£ftig<hLfcB*i3gTX?&B SO 
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^1tSB*<fJfflT#S©TfiE*©¥^mffillHlgSS®4 
Kji-r-5©<!:^«|)iiti«gT*©«:*ffl[sIKg@©ffl© 
<k*<BJtl<t&5. ftoT*%W¥m*m'>ZZMzJiir) 
ft*©*i§#g®©$Jii8S©£ £ T£ S Ki8iSSSMB& 

V»T. «aie*»fJL, &S©¥i§#Jf©*£«UiL 

-matte < s^T«spFft**«fc«j*-r*ci**T 

€?. 0fM^wic0ia©iia^-a-Tffl^<ii-et-5. ^^t. 
fc. fflffi^h7>^x^^©sffl©cr ( i:<. 

«S©®mWa:ift^©ieS:t)@»&T#. HiSXSft* 

s'j^©*^gffig?»<&^-rs^istcr-5 cttcj;o 

S. BPS, ¥8#*«lEli££E©*B«<fclC#t>Tti*: 

r s &&&® o ©fiT*«^ft«ifiEic«fc o *® (ca#-r 
acttf-es*. *©ffi*89HcStJtt««tjSjSt7©5S 

ilHWH**. ai^flS»tcS^<^ll)^©^fi*t>a 

ie*[iiu;<u. ^-^tt^*T«.«&©*^*mfiiiHi 

[0 0 10] 

(BBSt-rsfc®. 6SB©#§t. *^@©«ms. *«fc 

m<ommm, a&v$L&&mt%Mm\zmi£t<nti.^c 

loon] (nmmi) 02*^0 5 it*%mz&2> 
^^msiiHissge©^ 1 <Dmi&m&MmjLtemiz7nL 

fcKSETft*. ffl^rfi: (10 0) . JS^5 OQc 
m. itS 12. 5 cm. pigmS&-5iJMg.flr> , J ^ > 
(Si) Sfil©±S®lC^»©^fe€:ffl^T2 0 0 n 

BliiiSSK 2 t Ufc. 82^T^affitt«a«©SS^ffilc 6 
nmj?©S ii&mitm$:Ml&LT?-\>&m&3tLT 

ieas \mt?>>f*T>mmc>m®mm\z±zy 
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[0 0 12] ®2<0&m±K)®M2-&1t'7v>7Z2 0* 

bbbbbbki o±c±ffia*u. snji53sg«3 o 

fiiJSStC J; 0 1 0 /i ml* TWB>J U $ & tc«lfc*« • it 

^W5f*s«UT*-?M»«tt»R 2 ©sstssan 

SHItTS i»gl£j$ft:£-e-fc. ±IBWettlEliER« 
±!Cia:tj-6nfcW«#HS 9x10* Pa 10 

©EETjTJfLOtt. IfU>y75> • tfa*x3-;U 

c# o TStu s ns 3t?f3]#itMft&Bi 2 ©wxsiate s 

1 Kit^TgJfrTiK . 1/10' {8£*TTfct>fc. ft 

onmjsonugasBias umztttt. & 

BffiKBSttBKl 6£Jgfi£Lifc (H3) . 
[0 0 13] B3 0ttffi£*frvr. 9J&BBLT£t>fc 

02 0tt^*-C$?i§LfcS2©S iMl 1©£3E®<!: 20 

iiiE«s*eigaig i 6 t^mm<r>&.m^^m^m^riE 

LXBi^-frfc. »»B2 lC0JP$ttiKl2/zm-C*t>&. 
!Ji2©S i««l 1*10 orcM&u 7 

•7**2 oss^a-a-. h^s«3 o*s«rl sts 

$*lfc7y*X£7i:K>TifciiH5fcSbfc. ±K©7u/ 
^X^4lgtt7>>*^«*ffiJ;0/«C.5«ig^2 llCttfsf 
©Si2gfc4;Lfc^ (04) . 

[0014] c<o&m£ommms imnzm^tsmt 
ss^mffi 9 . s?m#B£BK 2 , igsja 2 1 . at* s 30 

it. *6C, BrSlslBBeKKS^fcEB 1 8 CHUT 

*»^a@ns*B*^)at*-tt-fc (as-) . 
[0015] ±ffiSjg*»»cs^viTS!ji$nfc*«<* 
RBBB8Be£»Tii£*®&BS^*ftBBBB 
Bcit^T«&an**B#Bra©&B£-i#it«£± 

0. 5/imil 0<S»C(6]±-r*Ct^T$fe. CtllCJ: 
0. WlUno. 5 um, £?Bffl 5©«£LT1. 5 40 

<■ S*BB*tt*BB#ffl£B««firC3**ri::B 

B4ttft«ftl±f2flBK* 6 &*S0!&¥i8*MeBlHlB 
Ttt®¥*ttR*BB&B&fftt£TttB&ttdt?rB& 
[0016] JtBRflfcS^ ¥##&ffi|p|?&gB<!: L 50 
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x * * 'j -t;u7 u- <fc o a * tBttRBBBBBBoa 
B<b*«Rufc*«. &*®#m®[si&£®®ttm-%Mi 
a©aaiBTB»sn, 7 >?-tx&Bi&<?)®m*>&m 

-8S©* * 'J U - *«fi£ t IS 

[0 0 1 7] fcfc. ¥B#B«BBaB©-»tt&#tt 

[0018] (XBB2) B6a>eB8tt*5S91©»2 
OBRff ££«¥BftaaBB£ft&B£X8Be* L 

&rs0t*«. rebrr 1 »c£-3v>Tm®«a*fe» 

Ml OSTKiSLfcS i££lC3 wmP©^iS(lS i 
B2 2*lttlLT«>6*«>«lB*ipi*=**S!8«0. 3 

cotttt^emenifiM 1 ic«£oTj§B,853s« 3 0 ca 

»Ut l 7'y*X2 0fC«fc9£i&S-e\ SiSfilti^ 

&»fcfcj: 0 *?r#bkbb 2 ©anB-c»ea*i*j|i 
ssnajsigts i z&i&t^omm^vn&mtmmi 2© 
&&.£ft^tz me) . 

[0 0 19] B6 0«1C*HT. B6&BB0B&IC 
±0BV»#BftS iR2 4©i£f8<i:^©3?ffi©¥fflrt:OT 
BfcTBaaaifcXRBS iSfil l©±*BtBIB 
#®*&&«1 2£££iE©ffl:B-S-&£B*JBt»TIE«fc 
ttB**ftfT-afc«. 7«>*^fitfJig*«»Ji2 3iLT 
BA^fc. «J§®2 3©J?£ttgJ0. 5ymT^fc 

(B7) . 

[0020] si2©s i&ki isioot 

IcM&L. <7y97>2 0 5£g«3 0*>(& 

MBU JiB^nfc7iy^X©7-bh>(C«fcS»c#^ 
t^feSS iR2 2®attX?7->y«£Lfc. ±IE© 
7 v f XiJllli7 y X^fitfUi 0 ft«««B 2 3 IC 
ttfiF©BBfc#*fc^. *ICl|M8aS»BS i € 1 tc« 

BS*lfc««EB9±C*V»T. ^©82^9, SSS^2 
3. RZfS iStSl l±©BSffiB*eBB^$XiiL. 
S i SIS 1 1 ±©mffiE^ 1 5 fc«Bf «BIL*«»T 
P87L«B^©*fi»fkJaS * » t* C b T*» 5 PB?L^© 
XMMOJtn^/X^- >B**B-r d 4: lc<fc 0 
17*}gj«Lfc. BfSBBlJljfcfcS^fcffiB 
1 8*«SLT*B#*a[i]BSB*^Sli'fc (0 
8) . 

[0021] ^BBifij&ttta^^TBjfianfc*** 

BBBBBBK:«t^TttS!3lEOBB9¥BfMRnBBB 
B (Cit^TlSlffi $ *15 ¥®*^P B 1 ©fiB-&-l±^K * ± 
0. 3/£mt2 0^C|6l±-r-SCt*iT#fc. Ctl\Z£. 
0. B?L*S0. 4tfm. mSE^l 5Rtf 1 7©1Si:L 
Tl. 0/nnr»W*»Br*Ct*»-C#. BMBBO!) 

dt*<. B*BBB(a;€Bn«ia]i:aB«B-cft«x 
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"iggtftofcctJcs^<„ sic. tnnm&m i <om-& 

[002 2] (£J6«3) H9*6H1 ltt*589!©as 10 
3 OHIfiWC *4*»#*«IsJB»HSKiixe«K:^ 
LfcUfrEBTi&S. NCJIttfl2Hra*TJPlr>#IM 
S i K2 4Sifl0¥«^*£T£IILfc*MAS i £ 
«lS7y?^2 5T»M«Pffi*tlfc«ES ig«4 0 

»fcU Sl^ra»i»*6igt)@t2ffiETKJf*<«JSStl^r 
£<ffiEf?JS0J l C&3»Ttt*MLftMS i JB«»A 
Ufe (09) . 

10 0 2 3) H9©tttt£TK^L&BfMMMs i 

)U»2 6 SfttfU STO5SS«3 0 u*» 
«*. &®S iS«4 0*1 0 OCKttRU. 7s/** 
2 5*»»S«T53£S«3 0*&JVIBU SSHSnfc 

ttftV* (010) . 

[0 0 2 4] ttBgtIM2fcS:ftvcJi»4tiMS i& 

igfii 1*01 o©tt^©e^^as 

IMS i ffif^±TiaSft!i^^fc. ±E©ft5£-&l;:*5^T 30 

^•frSStcS^UTllJfiUfc. fcfc. HM38S iMl 
1 fcttMBJtttM 1 KgcR>TNS!<£&SH£«Jl 6 . 
7, 8£^«>Jgfi£LT*5^fc. ±E©g&ft5£ii-©&. 
iJMSHS iS«i i£**icgTc:<hl;:j;»j*jg£ig3i 
3J2 6££#LT89m&8«3 0*>S^«t$-&. 
8g£|6]±T-5;fc«&©f&J!13i£9 0 0t:. 3 0»©*# 

*IB#«&*ll2fclHl«lBl,fc. Mlcy-hm®4t 40 
-&f*;ri:<Sg2y-h©ffil 3*m^SiS»MS i 
jBl±£»£L. SS2©y-h«&l 3£TXiM;:LT 
&Sfci£18lg6 1. 6 2. 6 3^£ffi*6£Lfc. *ICi|M3 

ae&ns i i.i \zwif&t< wtmmmm 9 ±\z*i^T. 

®&E«SI9. i®2 4. 2 7RtfSiS«ll 

±©m®#ss*e&iBH?£friiu siMi i±©m® 
e$i sizmmTz>ffin*$stVTfre>®iRMm<Dmmt 

&®mzm-3^rz.m® 1 s . %>&z*m®&mmm 1 o 50 



7- 1 4 9 8 2 

10 

£&tfLLT*m&flkm®9&£W$:5cl>S.i<i£tz (01 
1) . 

[0 0 2 5] ±&Sl7&jimz&^TW&2tirz¥®<* 

&®®&mmz&^Tim*(D®®m¥®&$ikm\Bi&& 
s id it^-rt^ $ n-s r$<o&m'&it%i&£ ± 

0. 3 wm<t2 0®iZft±?Z>££tfiT'2tz. Z\tl\Z£ 
fe«S«SSr*Ct*<, £*®&m®.Z®®J5fa\Z\g. 

&-vft&£#tfinm£ti.-3fzz\nz&'3<. 
too2 6] *mmmizm-3<*m#mm®& 
mmiz&^T\t&%M*m>-rizm&9ii'£-ttz¥mzm 

t>TV»6fc». fcdfc&Ky- 1 3i:l£faJI6 1 

z>*m#mm®&£w®\i'®mmw$:m&ms \ ®<o±. 
susHb t antr bub t * t> fc. 

[0 0 2 7] (3liS0iJ4) 01 2«*%^©^4©mg 
#JK«fc*¥2?M*m$S®B£g£f;LfcltfB0T&-5. 99 

b*««3k:*ht. ¥®#mm®&<mm® 1 sm^ii- 

*^**«i«:aS«l l©ftfeDCME*!fi«3fcE*U 

asssggn i tuy- h«$ 1 9^>«o«sft£€T 

JSCT©¥3l«i:mffiIllKgHIC*5 l»T (ii^B IdMMUR 
2 9 0fJ*j£3nfcttiIS i S«3 1 ©±^ffit*^SS 

^SJpJftLtcs^ii^-e-fe. ^©^, &«s§sgrsj±©;t 

«>©^2iaSr9 0 0*C, 3 0»©*fl=Tl6UTd^*iB 
iSglClMW^MU »?R»Sjte»IS2 
fiOD-?ttJP«(««Stl«¥««MRfl!igB«tlM 1 
Lfc. L^ftit. *«fl£«8lia8SSSll ©«i^©=feg 
Elcy- httMUR®»£&ft?m*MRffeftft2 

fc. &V>TmS#$*fe&&<!:JS^£ii3 1 flS i-K«^Di: 

Jtau. ^as itt©ss«¥aicwsL,fe. ±e* 
te»cs^T§!(jiLfc¥^s«3 i±©^as iSS 

^E£, E$i&18.3 0lZ#>J¥=.)l>7)l>zi-)l,$:®mM 
£p®©@SM*©*m®lHlB^^ 1 (010) fcfctt 

s^as i Mtzmmmmuzmmsittz. ±e© 



II 

®$no®.®£t>i£\mmmmm z 3 £®vk\z\m 
*£7&. ¥-)\,7)\>z\-Mz*.z&%m2 6©R££ 

IC«t*S?g5^«3 0©#8§. &&3&i?|6j±©&jiAg. 
MKtt&5£-t*£l|M!S,f|j@»BtS i Jilr!g2©y- K®& 
1 3. SS»@/Sf©Jgfi£S:B3ie*i£0iJ3IC^t>TJfiU 

s imizMf&ztiT^z&mmt'tn&mzmis.t'tiit 
#*s.fis 1 u aii^nfc^s.ia^Ks 

i^±oms(csr*i8?L*ii5Ufc. mmz&$s®s i 10 

fflE©iftR<t«ia©». m^©&JSR©jgiRJgfi£<»:B>r 

m®&®duzm-3< eh, R^ms«s«eisiS€^fi£L, 

T*S#SitS[l&gB£^JS$-t*-fc (012). 

[0 0 2 8] ±IBKii*feJcS^^T»jg^nfc^ft: 
«SlHlKSSlC*5^TttfJ|gSliS«3J 3 ££«¥BttRB 

®&£®tftmz%*<DmBm¥m#Mm®&£m\ztt 
)\,mitiuzmLTi,>itm®zmmL-?&iz. cntctos 

^t^Tefe. *IIS60JICfctt5fflJI£l5l©JftBiMffi@ 

CO 0 2 9] XC*ftttMKS-sF< ^ttftflBI&iMI 

«»R*«V»&V>B«Ka*fcJ:*¥«fcR'3&fcaMS 

©BKRTCtfriilRifctjJfc. cncj:0«ll¥«» 
Rffl®BgBB©ftn©Bl::fe¥tS#B©±Tfc«»fM 

\z vbtrmmiuz £ aaES&fflfl: t sr &fc*<nft 

[0 0 3 01 (^JgflSJ5 ) 0 1 3 «*359!©MS 5 ©3116 

mnmwuz&^x. *b#s«3 1 tiftB^ft5'< 40 

£B«R¥B#R«IS!RRfi»l©]gtfCHU 
S«3 l£©tt£*R£«J«T-5*RI&S iR2 8©« 

Rcfti^TRttBttSHiiirr^sMKFR 7 ±©mn« 

«*ft»R£lffS©B?l*RLTa>&£fflfcfc«Si#l§ll 
S i (W) 3£{fcR©Sg-©ffiJ!R4 2 

£ffilCSg2©®<S#®*&g$j£ 
JtfRL.T*&£J3as i§S2 8 ©ig*a£*-©¥iIfl;W!g 
BSRBSBMHCflEoTRLfc. tUI2Sltg«SJ4 

©BBiaicfcu-cy- 1 3 ©^©g. ±g&© 
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«tt*ffllO-r^e«?»»CfeHTT«6©i8WBt¥i»{*ft 

HJLRCRRHBRRftBfciiA/*:. HCRGRRflM 
©RBlfifcSHT. ±80B8R¥*#a&EI»gB 

Bo^B^RRRRfeMM l&t&LfcR. masm 

R£WioT^S±«RtrF»©fi»R¥»R»RIIlBR 
RBORRR^e 2 KHJL*RLT*sm«feECft 
Rtt£RRS lRfc*>y*5 1 :' (W) &fcEI©SfS2© 
RHR4 3eBRUfc. Iil3lS^2 0W. 
4 2Rtf4 3£#lxT&*RRRRRtfaKRffi0tHUll 

s n s «k 3 izmm®m-?&m 2 nit mi 3) . 

[0 0 3 1] ±BB«3ErifcK:a-3tr»TSasnfc¥»fl: 
&RIeI!8£B K *3 RRERRR 4 IC J: « ¥59#&«l 
BBRRC£l*aRR£ffl^fl!>aiKaafc&.):tf»XR 

fc©Bft*WBK:*T*. Ke*RRMicJ:«¥aRR 

BfWt*«*«T*&. *Rftfl0¥RRaaiSR«BT 
10**i:t>¥BR*«IHRRBB©±TBfctt«±a« 

TrBRKRRsnfc»#R»c«RsnTv»*. cnict 

DRJERRR#S*RT*T©fl««TRtt«RRl«l 
BM*t«««Jfc*n. ft*¥&#*BlHlg&gB©r£<S 
EttiUi 6 SSST £T©§I *B£ tlfcBRORRSR 

ftRzfmmm(iz&miz{&mtii*}z. »mts.mRumm 

[0 0 3 2] (#ii£0ij 6 ) fiJE#ii£0tJ 5 C*t>T. <N» 
#S«3 1 ££RiiS iK2 8S^UTil»Ii^-tt*i@ 
RR^BRRRERBBBfcttN^^fflMOS t>7 
>5>**®**, *fcKaS?R*«*«SlHlSSSBl© 
±88lC«BT«J«raa»R¥«ff««EIK*BHCtt 

pft*;HMOS h7>yx^o*sffl«imii 

MOS h9>?X?£J:«¥BRft«l§IBRBeaBR 

srcKitbfc. 7 iirrrr&brt. 6 2ttR»m& 

Blloa^r**. «ii!MOSh5>yx^Ofc»ON 
^**Jl'RtfP?**;Uh7>5>**©R«ttB»RH 
©BIB]»«EI81 7t±9t. 
[0 0 3 3] ±BRig#8K:SttoTRi83nfc*B# 
meiHSSSBtCii^TttN^v^UfMOS h7>vX 
* £ P 5 1 V *;U§JMO S h 5 >yXJ ijMM* ©SSSR 
IC*J})Eiesn-5©TSe*©ffiSfil!MOS h7>vX^©«9 
j&©r£ < ¥JS?#g1££&3?®2!© h y >V*9tm& 

B. fe<fetf-t©fc*©i5*r««**iJ«an*©-c!HjfiB 

W7-;f7y ^BBB©RBB7m©«S?» 
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' [0 0 3 4] (3Ufit*J7) 01 4tJ>601 51:1*5518© 

as 7 oaaMic «ts*^«c»«iHiKS®$S!jtxg)®ic 

*LfcSr®0T&a. PM&tms ig*R3 1 OiSE 
{&to^j9ra/^->^tto$ft$»j>£l,, ^©SKUSlc 

&zz:t<*i&mmija2titzi&tme>&miks i&3 
3«&acjftai/fc. zmmnwrnztizz 
t<mmt3.mm&teLT&miks 11133 grass i 

S«3 lft*,ftffi®fiLL1Z (014) . 
[0 0 3 5] ^ClKfctvt. MWLfePiMffl* 10 

*sb,s i a« i caaaaaae ,k**?M#«iaa 

K. y-f-S114 6i3«fctf4 7. Naffi&ftftittUI. « 

¥$#aaisl!82SgJf 1 *Jgf£Lfc. ±E©6»a£fli 
IB^JSM 1 ICgCfHT0 1 4 STSIiSUfcS i g«3 1 

©^H*»JgSI3 4tLT*iSLfc. ffiS 

#oasas i n&itTeiMHMi 3 4 cBgas&u 20 
a-asnfc^itsas i K3 3 &j»ra*;«aatt*ttatt 
caMrrs«S4 9**au&. #.iz±mzmm&&te 

IH8SrlftaixT*»63fat£»Jifll«4 8 £0«a©fc» 
0>mHth:y hi«ttAt«EMfl 4£J*ttU - 
•HIT t- h • 9 > S>* * t t **a*Ett 

snfc (015) . 

[0 0 3 6] ±IB«)«J6*«6Ca^t»T«J6Snfc*W 

*^®icSfD$n*. fct. s IS1S3 uvi&m-* 

mmz&z&mttz&mzmm-rzzLtwtiz. 
[0037] mmm 8)016 tt*§2w©sgAo3gj6 
m\z£z*®#m®®®mm : $:*Lrzmffi®-v&z>. * 
%mm-c\mfnmminz}5^T. smsg^eus-rs 

' S i S« 3 1 Oft 0 CSHMUR 3 6 . Kf^ffilkBg 3 40 

6 ±mm®&®f&\z'<£^ -=.>*/$ nfcjms 

Jta34lfctt&ao*ttaS i K 3 8*<±Siii£B*3 
nifc«MMMR3 5«BHfc. SM^JBaftlR3 7tt 

a a 1* «t 0 a * - w > if t ss* -r ^swicra & t ?t * 
£Tt>fin. ^cKfc^TgaaTOitooiJtj&Bgte* 
«sns iK3 8«a«iriSL. tonajLm&^vm^im 

a©^fi£©?6. SSffi^Offifitrt^iSSS I133CDS 
**SilS ig|33. 3 6^£fflt*WfilfgtCj;0¥EttL 50 
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T*^iJISIIJfiW7»cS^¥^b®i:jg^0S i ®t 
O&g. R^-E-O«OS!ifilS*SSfTLT¥«**S10 
SSgBfcBiSLfc (016) . 

[0038] ±geosfii^fe{cs^iT8ijgsnfc*« 

»*«0!SSa»Ci3UT«$fi^O-*OI|g*«|5E 

S i K 3 8 liaatticxcfi&ttttXitjA* 
cfcOKiiicjiffiTtfc. rnicio> I2tg©gjttiu a 

[00 39] (HJS0iJ9) 01 7«*fE§qo^9 0mfi 

m\z&z*m&mm&&m$:KLtjmmT-$>*. # 

mzm&Ltt. 0 1 7 ic£iat. 1 1 a^^^jts 
a. 5oau oaauts i a-rsisa&Baaau 

fc. 5 1. 5 2. 5 3ttgS2. $g3&tfSfS4©jSaas 

[0040] *nisesjic*^< *^*«[HiKsaici3 

lc<t 0ft*¥Sfca«E&i£Blc:mt*Eail5ffl;:3cf 

< sistjffla^raotsiiDS^iris^-r-s c t wztz. 
[0041] (nisey 1 o ) *mmtmz&\,>Tims?.m 

JSW9 05 1. 5 2. 5 3£LT* J rz/3.$E&mffiT~ffi 

O S h 5 > ? Lit. 
[0 0 4 2] *^JSWlcScf< *»«:«ffllHl858SK*J 

it «fc k> * y -> a saaa@ t^iaisssraoiaig?- * o 
©«a *«af -a c t tf°im ttiiit. 

[0 0 4 3] (HJSfiiJ 1 1 ) 0 1 8 «*%^om 1 1 O 
HiSfi0iJltJ:5***^a0SSgSS:^bfcK®0-C* 

a. *iy6flajK:fcv>Tteiiflsenffim o^s-^^t^^ 

*ma(ElBSSSOffi@^$Ji|jI UT^Ii6E©¥Sfti 
SlHlSSKIg^KigLfc. 018IC*5^T. 5 4ttf*i 
SgS. 5 0 tt±f2t&3£B. 5 1^653 (i^^-yn-t 
5/1*-. ->XfA*l{ISIi. Affi^yp-feiy-*. &!§ISt& 

o®@(ku. flttaM4raettj&TS¥**aaiaK<tt 

[0044] *njse»j»cs^< *«*aaia8sa®t* 
^Taacaa««aa«aicJ:«a3sri4io«a<Kfta 

*a#««a«a4Tej:*«e»*aaa«K:it'<T 1 
^nafcoo**a«a**«*acaiiiTefc. 
[0045] <aaai 2) 01 92^02 o«*aw 
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SBT&-5. *SUS0>J©3U ©^i*£B 1 9K. %2<T> 
^J££02 0 IC*f. 0 1 9«g5I23l«CT2 &BBteB 

*®y-Mi®-e<&-5. io 

[0 0 4 6] *3^WcS^<¥g#&*S[§I8&giBIC*3 

-r -srt< h7>->*x^ (csj^«y-hm®5 6tsw 

$n4h7>y7^) =&®M3-ti:)t„ Ctt£,fc9. fit* 20 
B 1 «F&©*aBK©#fcT¥»fMllttE!&8fi***Jl 

fcBBrsc&OTe. ¥SI{*ilMB|3]»«B©Mfc3* 

@w • ±mmtiz®*:m< c ta«-e#js:. 
*»BL&B»T**»*i£j:o«BLT*s«Bfl:L 

[0 0 4 7] *HiSesjOffi©^}itt02 OlC^^tlS* 
B*W**¥W^«H»8BB*±TB£StfT«IB 30 

mm<omm<om. *-©fta«ttBtt©;FAv»e«fta 

J6CJ:0BjeL. {-©7JUM&BB <B2 0£&t>Tfl 
*tf±«¥*^BBBttBft©BwLfcBtt) ©^85 
S»«1Rli(ctt-3 fc U— «f-««fc J: 0 BBC* 0 Wit 
«§L«tcMSfcttJg©««3 9iLfc. CttdiO 
cnic J: 0 0 2 0 ©44»#ft«Btt£BIC*<'>T«ttft 

*£% (B2 0££l>T«AfcrFffi¥8#»«IIIS&gfiB 

©B*bfc«*> ewsr*Bi«*»«STr€?fc. ws. 40 

HI 9TBB«*Ufc*Blfi«©«©¥i6©«£fcH« 
ftTA*ttHBB#«>«W*tiiI«i*-3fc. *^BK* 
^TttHl 9T»Lfc*B#BBEBBBfcli:'«T3Ffi 
BBBBMkKlCBt-«*»C!>h9>^X^«MI&* 

[0 0 4 8] (HJfiWl 3) B2 1 tB2 2tt*«W© 
¥«4MU*BK£B©K&&BeiRr«*BT*«. tt 
SB&$£0y©¥Btt&&B&gB»*$tt0J©B&£B 50 
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Sffl^TBiiSnfc. /t*->;We&$ftfc2ft©¥iS 
**«Xtt«MMMWB7 5fc«ktf7 6 £iSfi?anM£B£ 

#s«xtt¥©flc»iasfii©#BRi«i^*s:^icigs 

A<B#-r-&^<BiE-r*^K^»«. 02 lttn 
T. BlO^y— 5?7 l±IC^2©Xx-> ? 7 
3CDXf-^7 35iILTI-^. Xf-y7 2±ICS 
«7 5£. 3±lC«Sfi7 6 l 

fc. *n-e*l©««tt^x-y»CJ|i«WC^ , U75'f * 

>hsnfcttBTx?-s;±fcM»sn*. g«©««£ 

»ia«*a©a«BB««*Blr»fc. Xf-v7 2M 
-^©BBWfcaMLh©* 1 y TETWWrC&S J: 3 IC 

BBttttBftttlftBft 7 7. 7 8Tfr5.. CfflgfTIJ 

*. BtHtt¥»7 7, 7 8TM7 5RI*g}g7 6©ffi 
ttttBRB&BBU (tfiRBiWMEt-**^. X?- 
^7 3±©SBBBB«K:j:DaB7 6*XB«*. S 
«7 5t«#ttttttBRB*«B<a*±-5tMWr«. 
Xf-y 7 3 ±CttM#fc*ftfcS«K»:7n y fj&*BB 

j:0B»Tft»*»ra*j:5ic«ijaianTv»*. *«© 

fiSBXf-vT-^ 8 O&tf 8 1 lZttlsft%mzl8t& 
S£7 5&S£7 6tt3?-K«RLft:ttBBtt 
t4t.T*0. B#©ttBBBattBBM»7 9^&© 

mmzm-iurn > ea-^BB* 8 3 vr-irsmz 

n*. ^©x-^SSBSaHWBBS 2TJB1IU B 
«MfcS^fflRBf?n»?7 4*»iS*. g}£7 6 
tB»S«*. COttfftCfcQSB? 5£ttLT£«7 

6 A* S 7-fifiLft«lTH-»*l:t* C 
•5. 

[0 0 4 9] •£.OX7- -J-7X\m2 2lC5*-f«fc'5lCg« 

7 5*X*-5>7 2fcBBLfcB«TBBE«U SB 
7 6©±«®tSfi7 5©££B«<#A-r<&J:3IC»ft 
r*. »»BBttB*LTV»fcV>ani*©7-A5fc£i!l 
BB£ffiV»fc. CO«it?Xf-y7-y8 0Rtf8 1 
*BfiBtHJIt»*8 4*B^TttBBta-r*. ^©x- 

^ttu>tfa-^$"iii^8 3-cx-^«as$n-s, c© 

r-^*Xf-yfi@»8 5T11L. Xf-y7 
3*BBBR8 6TiMbL. Xr~ S>7 2 CBMMlCtt 
Bft*-r-5. ■€■©«, Xf- S?7 2©±T^ih^»l«-«k 
0S«7 2*TK$-fr. S«7 3&««»««C£:iCJ: 
Dft5^-&*^7-r^. Bi^**HffCfT5fcJ6. Xf- 
3^7 2ttB*»a«#3WWe"rft*J:5lCJa:t>TV»*. ± 
E-B©»#K J: 0SV>CB!S:-3 fcB»ft*r*»« 7 
5 Rtfgfc 7 6 Srl^-^t«i{C«SiE LTai^-l** C t*<T 

#*. ±83His«ic*5t»T. s«7 6©s:®«8eiic««a 
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BPS. #gB©#gteg«©J§M*££ftK:gjre 
&£IWf*fc©£B£*ffl#<fcLTlttWl,fc#02 1R 
£BBCJ:«SifiSBe>*att&fc&&». Sfc. *§H 

«B*MnsnTt»«. MAtfiftB&fleeajMMitt. 

x^-s>ttB*ftB*. S**-fes/ k • ' X-tv h 
02 2 5 tcStS 7 5totmfrt> 1 f-yfBM<o®M& 

aasrrsc tb*imr$>z>. »«7 6®gB*M&-r« 

»£tt*^-5?7 2 4fcffl©»«K:fc5&W£fifci§« 
S-frS&S****. £©«•&, 02 l©Xx-v>7 1tt 
JFBfcftO. £BQ*9<fc0fSdiT«&. **i60J©§S! 
jfiSfi*«U-5atg7 5*fctt7 6 tLTtt¥»#WIMI 

nms i m\z&mt< Wi^m&mmiBi&mmm-eiboT 

BK*:tofc£ft&ttB*tt&tt*&J:CM»tf¥tt# 
ffiB0»*BBHTlfi*nfc«. *£ffi0]0SiS£Bfti 
SS«7 5 43«fctf7 6«afLT^&tt*BOBti't*C: 
KSBfcBLT. 3a*aS**n*tfJ:t». B*MtB» 
fcl>B»IB£tt©«Stt£l$S«*WIM • WB*-Clfc* 30 

[0 050] 1 4 ) ttGSttftl 1 3 K*5t*Ttt 

H21C«rrt<, S«7 5Rtf7 6±©ftfiB«* 
h«A(^ttlttlHtftS4K7 5RC/7 6©£* 
ffi£±lCLfcW®Tff^?t. **Jgfi»JTttS«7 5Rtf 
»2©Xf-: *7 2£i>TB3t. HlC««^3tS2iilT# 
*B*fcT*;:fclCJ:D«R7 5 45 7-g(gLfctt 
&. BP-&02 2IC^-rrt<S«7 5RtJt7 6*<-5-(D* 

«fi7 5i:WR7 6±fl!)ttfiBBB^-yy HT-*B 40 
-t?B9Jl,Tfc<fcV>. CCKfcwr, S«7 6±©{£BK 
ISffl^-y-y hV-jrJ4Bajt**7 7(C<kOS1S7 5 
fc*ILTB»JS*i*. *B£ffllzJ:tttfMG£16fll 
3TfflWcXf-vV-? 8 ORt/8 1 CJ:*S«H© 
ttfi*tt««*«*»T*. Sfi7 5Rtf7 6 mo J: OB 
B«ttttB***«^tt tU r> TBB©flMMfc*»BBT* 
fc. KCBBBlfiBl 3C*WT»««7 5 £82©*. 



9—5? 7 2iW?*«&ttfi'F»**«#ttLfc»a. (4 
BBB*q^f££fc *H»fisJt*^ 
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(54) [Title of the Invention] 

Semiconductor Integrated Circuit Device and Manufacturing Method 
(57) [Abstract] 

[Purpose] To manufacture a high-performance and high-density large scale integrated 
circuit device with excellent yield by accurately aligning and laminating semiconductor 
layers whereupon a plurality of semiconductor integrated circuits are formed. 
[Constitution] A semiconductor integrated circuit device layer is formed by laminating 
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a flat quartz substrate 30, which transmits ultraviolet rays, on the major surface of the 
semiconductor integrated circuit device formed on a semiconductor substrate with 
adhesive 20, and by thinning the layer. The thin layer and a separately prepared 
semiconductor substrate 11 mounted with a semiconductor integrated circuit device are 
aligned with high-accuracy by using ultraviolet rays and laminated. An aligning 
device provided with a mechanism which corrects pattern distortion caused in the film 
forming process or the like, in the whole area of the semiconductor substrate, so as to 
allow correct aligning is used. After the second lamination, the first adhesive is melted 
so as to release the quartz substrate and a laminated semiconductor integrated circuit 
device is formed. 
[Scope of Claims] 

[Claim 1] A semiconductor integrated circuit device wherein each of a plurality of 
single crystal semiconductor thin film regions separated from each other by an 
insulating film is provided with at least one semiconductor device and the 
semiconductor devices are connected with each other by a wiring layer so as to form 
semiconductor integrated circuit device layers which are laminated to structure the 
semiconductor integrated circuit device, comprising: 

a part of semiconductor devices formed in the semiconductor integrated circuit 
device layer respectively, having substantially the same transfer delay time 
characteristics; 

semiconductor device electrode terminals which are aligned to each other 
between the adjacent semiconductor integrated circuit device layers; and 

a connecting conductor which penetrates through the terminal and reaches the 
terminal underneath. 

[Claim 2] A semiconductor integrated circuit device wherein each of a plurality of 
single crystal semiconductor thin film regions separated from each other by an 
insulating film is provided with at least one semiconductor device and the 
semiconductor devices are connected with each other by a wiring layer so as to form 
semiconductor integrated circuit device layers which are laminated to structure the 
semiconductor integrated circuit device, comprising: 

a part of semiconductor devices formed in the semiconductor integrated circuit 
device layer respectively, having substantially the same transfer delay time 
characteristics; and 

a connecting conductor which penetrates through the single crystal 
semiconductor thin film region in an upper layer and is connected with the single crystal 
semiconductor thin film region or a wiring region in an under layer. 
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[Claim 3] A semiconductor integrated circuit device according to claim 1 or 2, 
wherein the semiconductor integrated circuit device layers having contact with each 
other are laminated by direct lamination without an adhesive layer therebetween. 
[Claim 4] A semiconductor integrated circuit device according to claim 1 or 2 7 
wherein the semiconductor integrated circuit device layer has wiring layers on the upper 
surface and the under surface both. 

[Claim 5] A semiconductor integrated circuit device according to claim 4, wherein at 
least one layer of the wiring layers has the form of a sheet, and comprises a terminal to 
apply a power supply potential or a ground potential. 

[Claim 6] A semiconductor integrated circuit device according to claim 1 or 2, 
wherein one of the semiconductor integrated circuit device layers having contact with 
each other is provided with a first conductivity type semiconductor device and the other 
is provided with a second conductivity type semiconductor device, so that they make a 
pair. 

[Claim 7] A semiconductor integrated circuit device according to claim 1 or 2, 
wherein a desired region in one of the semiconductor integrated circuit device layers 
having contact with each other is provided with a transistor and a desired region in the 
other semiconductor integrated circuit device layer is provided with a capacitance 
element aligned with the transistor, so that they make a pair. 

[Claim 8] A semiconductor integrated circuit device according to claim 7, wherein one 
of electrodes of the capacitance element is connected with a refractory metal film or a 
refractory metal silicide film, and the refractory metal film or the refractory metal 
silicide film is provided in the under side of the transistor. 

[Claim 9] A semiconductor integrated circuit device according to claim 1 or 2, 
wherein one of the adjacent semiconductor integrated circuit device layers laminated is 
structured only by a memory cell array. 

[Claim 10] A semiconductor integrated circuit device according to claim 1 or 2, 
wherein the plurality of semiconductor integrated circuit device layers laminated have a 
main storage and an extended storage. 

[Claim 11] A semiconductor integrated circuit device according to claim 1 or 2, 
wherein the plurality of semiconductor integrated circuit device layers laminated have a 
main storage and a cache storage. 

[Claim 12] A semiconductor integrated circuit device according to claim 11 or 12, 
wherein the other semiconductor integrated circuit device layer laminated has a central 
processor. 

[Claim 13] A semiconductor integrated circuit device according to claim 1 or 2, 
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wherein a group of unit circuits and a switch to select any of these are provided, making 
a pair, in a position where the semiconductor integrated circuit device layers have 
contact with each other. 

[Claim 14] Manufacturing equipment of a semiconductor integrated circuit device, 
comprising: 

a control means which deforms and corrects position misalignment in a desired 
region in a first substrate having a position detecting pattern, by applying a mechanical 
or thermal external pressure; 

a control means which aligns a second substrate having a position detecting 
pattern and the first substrate, using the position detecting pattern; and 

a control means which makes the first substrate and the second substrate to 
stick together. 

[Claim 15] Manufacturing equipment of a semiconductor integrated circuit device 
according to claim 14, wherein a semiconductor integrated circuit device or a 
semiconductor integrated circuit device layer is formed on the first and the second 
substrates. 

[Claim 16] Manufacturing equipment of a semiconductor integrated circuit device 
according to claim 14 or 15, wherein the first substrate is transparent with respect to 
visible light. 

[Claim 17] Manufacturing equipment of a semiconductor integrated circuit device 
according to any one of claim 14, 15 and 16, comprising a control means which 
maintains a major surface of the first or the second substrate as a flat surface or a 
desired curved surface. 

[Claim 18] A method for manufacturing a semiconductor integrated circuit device, 
comprising the steps of : 

planarizing a major surface of a first substrate where a first semiconductor 
integrated circuit device is structured; 

bonding a second substrate which is flat to the planarized surface with a first 
adhesion layer therebetween; 

thinning the first substrate up to desired thickness from the rear surface side 
and planarizing the surface; 

bonding a third substrate which is transparent with respect to visible light to the 
surface which is thinned and planarized, with a second adhesion layer therebetween; 

removing the first adhesion layer and exposing the major surface of the first 
substrate; 

aligning and bonding the major surfaces of a fourth substrate, where a second 
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semiconductor integrated circuit device is provided and whose major surface is 
planarized, and the first substrate; 

removing the second adhesion layer and exposing the surface which is thinned 
and planarized; and 

forming a hole which penetrates through a desired region in the first 
semiconductor integrated circuit device and reaches a desired region in the second 
semiconductor integrated circuit device, and making a connection wiring. 
[Claim 19] A method for manufacturing a semiconductor integrated circuit device 
according to claim 18, wherein the bonding is performed between semiconductor 
integrated circuit device layers having the same cross section structure. 
[Claim 20] A method for manufacturing a semiconductor integrated circuit device 
according to claim 18, wherein an injected hole for a solvent for the second adhesion 
layer is provided in a desired part of the third substrate. 

[Claim 21] A method for manufacturing a semiconductor integrated circuit device 
according to claim 18, wherein a connection wiring is made with exposed metal 
surfaces on the first semiconductor integrated circuit device layer and the second 
semiconductor integrated circuit device layer, instead of the step of connecting through 
a hole. 

[Claim 22] A method for manufacturing a semiconductor integrated circuit device 
according to claim 18, wherein: 

the major surfaces of the fourth substrate and the first substrate are aligned and 
bonded directly, without using an adhesive, in the step of bonding; and 

a heat treatment is performed to improve adhesive strength, after the second 
adhesion layer is removed. 
[Detailed Description of the Invention] 
[0001] 

[Field of Industrial Application] The present invention relates to a semiconductor 
integrated circuit device which is ultra-highly integrated using SOI (silicon on insulator) 
substrate, its manufacturing method and the manufacturing equipment for it. 
[0002] 

[Prior Art] A technique in which an insulating film is formed on a single crystal 
semiconductor substrate where a semiconductor device is formed, an amorphous 
semiconductor thin film is deposited with the insulating film therebetween, and a 
semiconductor device is manufactured on the semiconductor thin film after the 
semiconductor thin film is single-crystallized by laser annealing or the like with the 
semiconductor substrate as a crystal nucleus is disclosed in Japanese Patent Laid-Open 
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Publication No. 62-203359. A cross-sectional view of a semiconductor device 
manufactured by this method is shown in Fig. 27. In the figure, when 
single-crystallization of a second semiconductor integrated circuit layer 202 is realized 
in the whole region, a laminated structure semiconductor device with an ideal structure 
as a semiconductor device can be manufactured. The merit of the above-described 
technique is that manufacturing of a semiconductor device on the second semiconductor 
integrated circuit layer 202 and an interlayer wiring 205 with a first semiconductor 
integrated circuit layer 201 are possible, by aligning with the first semiconductor 
integrated circuit layer 201, so it is suitable for miniaturization structurally. Here, the 
numeral 203 is an insulating layer, 211 is a wiring layer of a first layer, 221 is a wiring 
layer of a second layer, 212 is an active region of the first layer, 222 is an active region 
of the second layer, and 213 is a gate electrode of the first layer. 
[0003] However, with the technique in which laser, or electron irradiation or the like 
is applied to an amorphous film so as to single-crystallize it, the single-crystallization is 
limited to the very close part to the crystal nucleus region, and the second 
semiconductor integrated circuit layer 202 on the insulating film 203, which is far from 
the crystal nucleus region, is only polycrystallized. Therefore, it is difficult to 
manufacture a large-scale and high-performance semiconductor device on the whole 
surface of the second semiconductor integrated circuit layer 202. In addition, with the 
above-described technique, it cannot be avoided that a high temperature heat treatment 
to the second semiconductor integrated circuit layer 202, performed when 
manufacturing a semiconductor device, as well as a recrystallization heat treatment to 
the second semiconductor integrated circuit layer 202, is also applied to the first 
semiconductor integrated circuit layer 201. Therefore, it is difficult to keep the 
diffused layer impurity distribution in the first semiconductor integrated circuit layer 
201 precipitous, and it is difficult to structure an ultrafine semiconductor device on the 
first semiconductor integrated circuit layer 201. The above-described defect becomes 
the worst problem when the requirement to laminate elements whose power 
consumption is not very large as a memory cell array and with the same access rate, so 
that they have large capacity is to be met. In order to structure laminated 
semiconductor devices having the same access rate, it is required that they are 
manufactured under the same heat treatment condition and have the same characteristics, 
as well as the element form. However, as long as based on the above-described 
conventional manufacturing method, it is unavoidable that an excess high temperature 
heat treatment process is performed to the first semiconductor integrated circuit layer 
201. 
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[0004] A technique in which two single crystal semiconductor substrates where a 
semiconductor device or a semiconductor integrated circuit device is structured are 
bonded and the one of them is thinned by polishing or the like in order to secure the 
crystallinity of the semiconductor thin film is disclosed in Y. Hayashi, et al., 
"Fabrication of Three-Dimensional IC Using Cumulatively Bonded IC (CUBIC) 
Technology" 1990 Symposium on VLSI Tech., p 95 (1990), for example. The 
cross-sectional view of a semiconductor device which is manufactured with this method 
is shown in Fig. 1. In Fig. 1, the numeral 2 is an insulating film for isolation between 
elements, 90 to 92 are electrodes connected with the semiconductor device, 94 and 95 
are surface protection insulating films. Insulating adhesives 96 and 99, the hole 97, 
and a metal pool 93 are structured on the side of a second semiconductor substrate 101, 
and a metal bump 98 is structured on the side of a first semiconductor substrate 100. 
[0005] 

[Problem to be Solved by the Invention] In the above-described technology, although 
the semiconductor devices structured on the first semiconductor substrate 100 and the 
second semiconductor substrate 101 respectively are electrically connected with each 
other by the metal pool 93 and the metal bump 98, the thickness of the semiconductor 
substrate 100 or 101 used for manufacturing the semiconductor device is 500 \un or 
more, which is too thick to transmit ultraviolet or visible light, so the alignment between 
the hole 97 and the metal bump 98 is performed using infrared light whose wavelength 
is long and which can pass through the semiconductor substrate. Therefore, there is a 
drawback of the alignment accuracy, and pattern alignment of several fim or less is 
difficult. That is to say, aiming for connection between patterns of 1 \im or less, as the 
case of lamination of an ultrahigh-integrated high-density semiconductor device, has 
been impossible, from a viewpoint of commercialization. 

[0006] The object of the present invention is to provide a high-performance 
ultrahigh-density integrated circuit device with excellent yield at a low price. And 
another object of the present invention is to remarkably improve the alignment accuracy 
in manufacturing a semiconductor device, and provide a manufacturing method of a 
semiconductor device, which can laminate large scale semiconductor integrated circuit 
layers with ultrahigh-accuracy in a longitudinal direction. Another object of the 
present invention is to provide equipment for substrate lamination, which can align SOI 
substrate with the accuracy of 10 to 100 times higher than the conventional case. 
[0007] 

[Means of Solving the Problem] The above-described objects are achieved by the 
following. A first semiconductor substrate where a first semiconductor integrated 
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circuit device is manufactured is bonded to another substrate, using a first adhesive. A 
first semiconductor integrated circuit device layer is formed by thinning the first 
semiconductor substrate from the rear surface side by means of grinding, polishing, or 
the like, and it is bonded to a transparent quartz substrate, using a second adhesive. In 
this condition, only the first adhesive is melted by a solvent of the first adhesive, and the 
first semiconductor integrated circuit device layer is transferred to the transparent quartz 
substrate. The first semiconductor integrated circuit device layer and a second 
semiconductor integrated circuit device or semiconductor integrated circuit device layer 
are aligned strictly and bonded together, using a third adhesive. For the alignment, 
when the first semiconductor integrated circuit device layer is structured to be thin 
enough, which is several \xm or less, high-accuracy mask alignment equipment using 
ultraviolet rays as a light source can be used since the quartz substrate has 
transmissivity of 50 % with respect to ultraviolet rays and can transmit enough. A 
solvent of the second adhesive may be structured by a material which doesn't melt the 
third adhesive. 

[0008] When the thinned semiconductor integrated circuit device layer is bonded to 
another semiconductor integrated circuit device or semiconductor integrated circuit 
device layer, it has to be considered that the pattern in the first stage is distorted about 1 
ixm per 10 cm due to intrinsic stress and thermal stress in the film by sequential film 
forming on the semiconductor substrate, which makes accurate alignment between 
semiconductor integrated circuit devices difficult. In order to correct the pattern 
distortion and perform accurate alignment and bonding, in the present invention, a 
technique in which external pressure is applied to the one or both of the substrates 
where the semiconductor integrated circuit device for which alignment should be 
performed is bonded so that the distortion is corrected is used, as a first technique. 
Furthermore, as another technique, a technique in which semiconductor integrated 
circuit devices having the same film formation structure as a cross section structure are 
bonded together is applied. In this case, the distortion extent caused by film formation 
is the same at any semiconductor integrated circuit device, and alignment defect by the 
distortion is dissolved. In the case where the semiconductor integrated circuit device 
layers bonded by the above-described technique are further bonded together, the cross 
section structure in each layer that is bonded further is made to be the same. 
[0009] 

[Function] According to the present invention, in the same way as manufacturing an 
ultrafine semiconductor integrated circuit device, high-accuracy mask alignment 
equipment using ultraviolet rays as a light source can be used, so that the lamination of 
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semiconductor integrated circuit devices is possible with the same high accuracy as that 
of manufacturing a conventional semiconductor integrated circuit device. Therefore, 
by using the technique of the present invention, even higher integrated semiconductor 
integrated circuit device can be realized with the conventional manufacturing equipment 
of a semiconductor device. Here, the manufacturing process is divided and only 
non-defective semiconductor layers are laminated to complete a semiconductor 
integrated circuit device. Therefore, manufacturing defect can be reduced greatly, 
compared to the conventional consistent manufacturing. That is to say, an ultrahigh 
integrated semiconductor integrated circuit device can be provided at a low price. In 
addition, it is possible that a structure element of the semiconductor integrated circuit 
device is structured separately on each semiconductor layer to be laminated, and a 
completed semiconductor integrated circuit device is made by the unification by 
lamination, therefore each semiconductor layer can be made and stored so that they can 
be laminated with a desired combination at a desired time. Therefore, it newly 
becomes possible to respond to the demand quickly. In addition, as the case of 
applying to a complementary transistor, a step of positional conversion of 
semiconductor layer conductivity type or the like can be omitted, which can reduce the 
number of manufacturing steps. According to the present invention, as semiconductor 
integrated circuit devices having the same semiconductor device region are laminated, 
even when a defective semiconductor device part exists, it can operate as a 
non-defective semiconductor integrated circuit device, by adopting a structure in which 
the defective part is not selected and a semiconductor device part in another layer is 
selected. That is to say, decrease in non-defective yield that grows as the area of a 
semiconductor integrated circuit device is enlarged can be greatly improved by the 
lamination structure. In addition to that, according to the present invention, complete 
isolation of structure elements is possible. Therefore, defectives such as a parasitic 
bipolar effect in a complementary transistor, that is, interference between adjacent 
elements such as a latch up phenomenon, malfunction based on a ray irradiation and the 
like can be dissolved almost perfectly. According to the present invention, a plurality 
of semiconductor integrated circuit devices whose heat treatment process is the same 
and having the same characteristics can be made to have ultra large capacitance by 
lamination. 
[0010] 

[Embodiments] The present invention will be described in further detail by 
embodiments hereinafter. Although drawings are used for the description convenience, 
main sections are shown being enlarged, so the case is required. Furthermore, in order 



9/34 



English Translation of JP 7-14982 



to simplify the description, the material of each part, the conductivity type of 
semiconductor layers and the manufacturing condition will be set and described; 
However, as for the material, the conductivity type of semiconductor layers and the 
manufacturing condition, the present invention is not limited to the embodiments, of 
course. 

[0011] (Embodiment 1) Fig. 2 to Fig. 5 are cross-sectional views in which a first 
embodiment of a semiconductor integrated circuit device of the present invention is 
shown in order of the manufacturing process. A thermally-oxidized film of 200 nm 
thick is selectively formed in a desired part on the major surface of a single crystal 
silicon (Si) substrate 1 whose orientation is 100, resistivity 50 Qcm, diameter 12,5 cm, 
and conductivity type p-type, using a known technique, so as to make an insulating 
film 2 for isolation between elements. Next, an Si thermally-oxidized film of 6 nm 
thick is formed on a substrate surface in a desired active region so as to make a gate 
insulating film 3. Then, after the gate insulating film in the desired region is removed 
selectively, a gate electrode 4 and a wiring electrode 9 formed of a laminated deposition 
film of a polycrystalline Si film and a tungsten silicide film are formed. Furthermore, 
after forming N-type low resistance diffused layers 6, 7 and 8, using the gate electrode 4 
as a mask, an electrode protection insulating film 10 is deposited all over the surface 
(Fig. 2). 

[0012] In the condition of Fig. 2, a molten wax 20 is applied to the electrode 
protection insulating film 10 all over the surface, and bonded to a transparent quartz 
substrate 30. Next, grinding is performed from the rear surface side of the Si substrate 
1 by high accuracy grinding equipment to the thickness of 10 (Jim, and the Si substrate 1 
is thinned to the surface defined by the rear surface of the insulating film 2 for 
isolation between elements, performing mechanical and chemical polishing. The 
above-described polishing is performed by pressing the Si substrate on an abrasive cloth 
provided on a rotating disk, with the pressure of 1.9 x 10 4 Pa, supplying an abrasive 
liquid added with ethylenediamine pyrocatechol. The polishing rate of the insulating 
film 2 for isolation between elements which is exposed as the polishing proceeds is 
extremely slow, compared to Si, and it is 1/10 4 times or less. Therefore, the single 
crystal Si substrate 1 is perfectly planarized by the above-described polishing, and 
single crystal ultra-thin films Si of approximately 100 nm thick isolated from each other 
by the insulating film 2 for isolation between elements are obtained. After that, a 
protection insulating film 16 is formed on the polished surface (Fig. 3). 
[0013] In the condition of Fig. 3, the alignment between the major surface of a second 
Si substrate 11 which is manufactured to be the condition of Fig. 2, prepared separately, 
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and the protection insulating film 16 is performed accurately, using the after-mentioned 
alignment equipment, and then they are laminated, using a fluorine resin as an adhesion 
layer 21. The thickness of the adhesive layer 21 is approximately 2 \im. After that, 
the second Si substrate 11 is heated to 100 °C so as to melt the wax 20, and it is released 
from the quartz substrate 30, then the residual wax is cleaned and removed with acetone. 
The wax removing step described above has no effect on the adhesive layer 21 which is 
formed of a fluorine resin (Fig. 4). 

[0014] In this condition, a hole which penetrates through a terminal electrode 9 
structured on the ultra-thin film Si layer 1, the insulating film 2 for isolation between 
elements, the adhesion layer 21, the electrode protection insulating film and the like on 
the Si substrate 11, and reaches a terminal electrode 15 on the Si substrate 11 is 
provided. And then a connection wiring 17 is formed by performing selective metal 
deposition to the hole. In addition, a wiring 18 which is based on a desired circuit 
structure is made, so that a semiconductor integrated circuit device is completed (Fig. 
5). 

[0015] As for the semiconductor integrated circuit device which is manufactured 
according to the above-described manufacturing method, the accuracy of the alignment 
between semiconductor layers structured is improved to be ± 0.5 urn, which is 10 times 
higher than the conventional laminated semiconductor integrated circuit device. By 
this, the interlayer connection can be made with the hole width 0.5 \im and the terminal 
electrode 15 width 1.5 [im. In this way, high integration can be achieved so that a 
basic circuit unit can be structured directly in the lamination direction without requiring 
the region that used to be required to form a bump or a pool for the interlayer 
connection. And the degree of freedom of circuit design can be greatly increased. 
The significant improvement in alignment accuracy in the lamination direction 
according to the present embodiment is based on the following: since a transparent 
semiconductor integrated circuit device layer formed of an ultra-thin film and 
transparent quartz can transmit ultraviolet rays, the alignment with a semiconductor 
integrated circuit device as a base, to which it is bonded, becomes possible with high 
accuracy. 

[0016] Lamination of a semiconductor integrated circuit device layers formed of 
memory cell arrays as a semiconductor integrated circuit device according to the present 
invention is practiced, and each semiconductor integrated circuit device layer is 
manufactured by the manufacturing process of the same heat treatment. In addition, as 
for the function such as access rate, practically the same characteristics are obtained, 
without difference between each layer. In this way, improvement in non-defective rate 
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and improvement in operation speed due to the reduction of the maximum wiring length 
are achieved, compared to a conventional semiconductor integrated circuit device where 
memory cell arrays having the same capacitance are structured on the same plane 
surface. 

[0017] As a common characteristic of a semiconductor integrated circuit device, 
transfer delay time can be used. 

[0018] (Embodiment 2) Fig. 6 to Fig. 8 are cross-sectional views in which a 
semiconductor integrated circuit device according to a second embodiment of the 
present invention is shown in order of the manufacturing process. After a 
polycrystalline Si film 22 of 3 |im thick is deposited on an Si substrate 1 manufactured 
up to an electrode protection insulating film 10, according to the embodiment 1, the 
surface is planarized by performing mechanical polishing so that the mean square 
roughness is 0.3 nm or less. In this condition, it is bonded to a transparent quartz plate 
30, using a molten wax 20, according to the embodiment 1. Then a single crystal 
ultra-thin film Si that is defined by the rear surface of an insulating film 2 for isolation 
between elements is formed by thinning from the rear surface of the Si substrate 1, 
and a protection insulating film 12 is formed on the rear surface (Fig. 6). 
[0019] In the condition of Fig. 6, the alignment between the major surface of a single 
crystal Si substrate 11 which is separately manufactured up to the deposition of a thick 
polycrystalline Si film 24 and the planarizing polishing of the surface, using the same 
process as Fig. 6, and the protection insulating film 12 is performed accurately, using 
the after-mentioned alignment equipment, and then they are laminated, using a fluorine 
resin as an adhesive layer 23. The thickness of the adhesive layer 23 is approximately 
0.5 jim (Fig. 7). 

[0020] After that, the second Si substrate 11 is heated to 100 °C so as to melt the wax 
20, and it is released from the quartz substrate 30, then the residual wax is cleaned and 
removed with acetone. And selective etching of the polycrystalline Si film 22 is 
performed. The wax removing step described above has no effect on the adhesion 
layer 23 which is formed of a fluorine resin. Next, on an electrode wiring 9 structured 
on a single crystal ultra-thin film Si layer 1, a hole which penetrates through an 
electrode wiring 9, the adhesion layer 23, the electrode protection insulating film and 
the like on the Si substrate 11, and reaches an electrode wiring 15 on the Si substrate 11 
is provided, and an insulating treatment for the side wall of the hole is performed. And 
then, deposition of a metal film to the hole and pattern formation is performed so as to 
form a connection wiring 17. In addition, a wiring 18 which is based on a desired 
circuit structure is made, so that a semiconductor integrated circuit device is completed 
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(Fig. 8). 

[0021] As for the semiconductor integrated circuit device which is manufactured 
according to the above-described manufacturing method, the accuracy of the alignment 
between semiconductor layers structured is improved to be ± 0.3 [im, which is 20 times 
higher than the conventional laminated semiconductor integrated circuit device. By 
this, the interlayer connection can be made with the hole width 0.4 fim and the width of 
the electrode wirings 15 and 17, 1.0 jim. In this way, high integration can be achieved 
so that a basic circuit unit can be structured directly in the lamination direction without 
requiring the region that used to be required to form a bump or a pool for the interlayer 
connection. And the degree of freedom of circuit design can be greatly increased. 
The significant improvement in alignment accuracy in the lamination direction 
according to the present embodiment is based on the following: since a transparent 
semiconductor integrated circuit device layer formed of an ultra-thin film and 
transparent quartz can transmit ultraviolet rays, the alignment with a semiconductor 
integrated circuit device as a base, to which it is bonded, becomes possible with high 
accuracy. Furthermore, the reason why the alignment accuracy is improved further, 
compared to the case of the embodiment 1, is considered to be that bonding can be 
performed without generation of bubbles even when the adhesion layer 23 is structured 
thin since the roughness on the surface to be laminated is planarized extremely. 
[0022] (Embodiment 3) Fig. 9 to Fig. 11 are cross-sectional views in which a 
semiconductor integrated circuit device according to a third embodiment of the present 
invention is shown in order of the manufacturing process. A single crystal Si substrate 
1 for which up to planarization polishing of the surface of a thick polycrystalline Si film 
24 is performed according to the embodiment 2 is laminated on a mirror Si substrate 40 
which is prepared separately, with a wax 25. After that, it is thinned from the rear 
surface side of the single crystal Si substrate 1, and an ultra-thin film single crystal Si 
layer is formed so that the film thickness is defined by the rear surface of an insulating 
film 2 for isolation between elements, according to the embodiment 1 (Fig. 9). 
[0023] A polyvinyl alcohol film 26 which is a water-soluble adhesive is applied to the 
rear surface side of the ultra-thin film single crystal Si layer 1 manufactured up to the 
condition of Fig. 9, and it is laminated on a transparent quartz substrate 30. After that, 
the minor Si substrate 40 is heated to 100 °C so as to melt the wax 25, and it is released 
from the quartz substrate 30, then the residual wax is cleaned and removed with acetone. 
The polyvinyl alcohol film 26 is not affected at all by the acetone cleaning (Fig. 10). 
[0024] A separately prepared single crystal Si substrate 11 for which up to 
planarization polishing of the surface of a thick polycrystalline Si film 27 is performed 
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according to the embodiment 2 is laminated on the ultra-thin film single crystal Si layer 
1 in the condition of Fig. 10, with their polycrystalline Si surfaces laminated directly to 
each other As for the lamination described above, alignment of each other is 
performed according to the after-mentioned accuracy alignment equipment, in the same 
way as the embodiment 2. N-type low resistance diffused layers 6, 7 and 8 are formed 
on the single crystal Si substrate 11 in advance, according to the embodiment 1 
described above. After the above-described direct lamination, the single crystal Si 
substrate 11 is soaked in water so as to melt the water-soluble adhesive 26, and is 
released from the transparent quartz substrate 30. Then a heat treatment to improve 
the adhesive strength is performed under the condition of 900 °C, 30 minutes. After 
that, a gate insulating film is formed on the surface of the single crystal ultra-thin film 
Si layer 1, and then a hole is made on an insulating film 2 for isolation between 
elements where a gate electrode 4 is extended. In addition, a second gate electrode 
13 is formed on the single crystal ultra-thin film Si layer 1 so as to correspond to the 
gate electrode 4, and low resistance diffused layers 61, 62, 63 and the like are formed, 
using the second gate electrode 13 as a mask. Next, on an electrode wiring 9 
structured on the single crystal ultra-thin film Si layer 1, a hole which penetrates 
through the electrode wiring 9, the polycrystalline Si layers 24 and 27, an electrode 
protection insulating film and the like on the Si substrate 11, and reaches an electrode 
wiring 15 on the Si substrate 11 is provided, and an insulating treatment for the side 
wall of the hole is performed. And then, deposition of a metal film to the hole and 
pattern formation are performed so as to form a connection wiring 17. In addition, a 
wiring 18 which is based on a desired circuit structure and an electrode protection 
insulating film 10 are formed, so that a semiconductor integrated circuit device is 
completed (Fig, 11). 

[0025] As for the semiconductor integrated circuit device which is manufactured 
according to the above-described manufacturing method, the accuracy of the alignment 
between semiconductor layers structured is improved to be ± 0.3 \xm, which is 20 times 
higher than the conventional laminated semiconductor integrated circuit device. In this 
way, high integration can be achieved so that a basic circuit unit can be structured 
directly in the lamination direction without requiring the region that used to be required 
to form a bump or a pool for the interlayer connection. And the degree of freedom of 
circuit design can be greatly increased. The significant improvement in alignment 
accuracy in the lamination direction according to the present embodiment is based on 
the following: since a transparent semiconductor integrated circuit device layer formed 
of an ultra-thin film and transparent quartz can transmit ultraviolet rays, the alignment 
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with a semiconductor integrated circuit device as a base, to which it is bonded, becomes 
possible with high accuracy. 

[0026] In addition, as for a semiconductor integrated circuit device according to the 
present embodiment, a technique of laminating directly without using an adhesive is 
used, so that the gate electrode 13, the diffused layers 61 to 63 and the like can be 
manufactured after the lamination. Therefore, a semiconductor integrated circuit 
device layer to be laminated can be structured so that its current control is performed 
from the top and bottom of the ultra-thin film Si layer, and a large current of more than 
three times the conventional structure transistor structure, that is, speeding up becomes 
possible, along with ultrahigh integration in a longitudinal direction. 
[0027] (Embodiment 4) Fig. 12 is a cross-sectional view in which a semiconductor 
integrated circuit device according to a fourth embodiment of the present invention is 
shown. In the embodiment 3, a semiconductor substrate 31 on which a semiconductor 
integrated circuit device layer 1 of an ultra-thin film manufactured according to the 
technique described in the embodiment 3 is laminated directly is used, instead of a 
semiconductor substrate 11 on which the semiconductor integrated circuit device layer 1 
should be laminated. A gate electrode 19, another electrode and the like are structured 
on the semiconductor integrated circuit device layer 1 in advance. Although the mirror 
Si substrate 40 and the single crystal Si substrate 1 are bonded with the wax 25 in Fig. 9, 
the major surface of the mirror Si substrate 31, on which a thermally-oxidized film 29 is 
formed, and the surface of a polycrystalline Si film 28 on a single crystal Si substrate 1, 
for which planarization polishing is performed are bonded together directly without 
using an adhesive, as for a semiconductor integrated circuit device of the present 
embodiment. After that, a heat treatment to improve the adhesive strength is 
performed under the condition of 900 °C, 30 minutes, and it is thinned from the rear 
surface side of the single crystal Si substrate 1, and the semiconductor integrated circuit 
device layer 1 whose thickness is defined by the bottom surface of an insulating film 2 
for isolation between elements is formed. After that, a gate insulating film is formed 
on the new major surface of the semiconductor integrated circuit device layer 1, and a 
hole is provided in a desired part of the insulating film 2 for isolation between 
elements region. Then, a low resistance diffused layer is formed by self-aligriment 
with an electrode including a gate electrode 5 and the gate electrode 5. Next, an 
electrode protection insulating film and a thick polycrystalline Si film are deposited all 
over the surface, and the surface of the polycrystalline Si film is polished so as to be 
planarized. The surface of the polycrystalline Si film on the semiconductor substrate 
31, manufactured according to the technique described above, and a polycrystalline Si 
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surface of a separately prepared ultra-thin film semiconductor integrated circuit device 
layer 1 (Fig. 10) where a gate electrode 4 and the like laminated on a quartz substrate 30 
using polyvinyl alcohol as an adhesive 26 are structured are laminated directly without 
an adhesive. In the laminating process described above, the alignment between 
ultra-thin film semiconductor integrated circuit device layers is performed using the 
after-mentioned accuracy alignment equipment, in the same way as the 
above-mentioned embodiment 2 and 3. After the laminating process, release of the 
transparent quartz substrate 30 by removing the adhesive 26 using polyvinyl alcohol, a 
heat treatment for improving the adhesive strength, and formation of a second gate 
electrode 13, a diffused layer and the like on the laminated single crystal ultra-thin film 
Si layer are performed according to the above-described embodiment 3. In this 
condition, a hole which penetrates through the diffused layer formed on the single 
crystal ultra-thin film Si layer which is exposed on the major surface, the polycrystalline 
Si layer which is structured on the bottom, and the like and reaches the electrode on the 
single crystal ultra-thin film Si layer which is buried is provided. Last, after an 
insulating treatment of the polycrystalline Si side face, selective formation of a metal 
film in the hole, formation of a wiring based on a desired circuit structure and an 
electrode protection insulating film are performed so as to complete a semiconductor 
integrated circuit device (Fig. 12). 

[0028] As for the semiconductor integrated circuit device manufactured according to 
the manufacturing method described above, as is the case with a semiconductor 
integrated circuit device according to the above-described embodiment 3, the alignment 
accuracy between semiconductor layers structured is improved 20 times or more, 
compared to a conventional laminated semiconductor integrated circuit device, and the 
region that used to be required to form a bump or a pool for the interlayer connection 
can be omitted. In this way, high integration can be achieved so that a basic circuit 
unit can be structured in the lamination direction, and the degree of freedom of circuit 
design can be greatly increased. The significant improvement in alignment accuracy 
in the lamination direction according to the present embodiment is based on the 
following: since a transparent semiconductor integrated circuit device layer formed of 
an ultra-thin film and a transparent quartz substrate can transmit ultraviolet rays, the 
alignment with a semiconductor integrated circuit device as a base, to which it is 
bonded, becomes possible with high accuracy. 

[0029] In addition, as for the semiconductor integrated circuit device according to the 
present embodiment, any of the laminated semiconductor integrated circuit device layer 
used the technique of laminating directly without using an adhesive, so that a structure 
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which needs a high temperature heat treatment, such as formation of a diffused layer, 
can be provided after a lamination bonding process. By this, structuring gate 
electrodes for current control on the top and bottom of the semiconductor layer, as for 
any layer of a laminated semiconductor integrated circuit device layer, becomes 
possible, and higher operation, compared to the semiconductor integrated circuit device 
of the above-described embodiment 3, is achieved further. That is to say, ultrahigh 
integration and ultrahigh speeding due to lamination can be achieved at the same time, 
compared to a semiconductor integrated circuit device of the conventional structure. 
[0030] (Embodiment 5) Fig. 13 is a cross-sectional view in which a semiconductor 
integrated circuit device according to a fifth embodiment of the present invention is 
shown. In the above-described embodiment 4, in the formation of the ultra-thin film 
semiconductor integrated circuit device layer 1 to be laminated directly on the 
semiconductor substrate 31, before the polycrystalline Si film 28 which structures the 
laminating surface with the semiconductor substrate 31 is deposited, a desired hole is 
provided in the electrode protection insulating film on a terminal part 7 to which a 
ground potential is applied, and a first laminated film 42 of a low resistance 
polycrystalline Si film and a tungsten (W) silicide film is formed all over the surface. 
After that, a second electrode protection insulating film is deposited on the whole 
surface, and then deposition of a polycrystalline Si film 28, the planarizaion polishing 
and the like are performed according to the embodiment 4 described above. In 
addition, in the manufacturing step of the above-described embodiment 4, after forming 
the gate electrode 13, when providing a hole which penetrates through the upper 
ultra-thin film semiconductor integrated circuit device layer, a hole which penetrates 
through a base ultra-thin film semiconductor integrated circuit device layer in the 
terminal part to which a ground potential is applied in the upper ultra-thin film 
semiconductor integrated circuit device layer and reaches a laminated film 42 is 
provided, and it is filled with a metal film for connection. Furthermore, in the 
manufacturing process of the above-described embodiment 4, after the electrode 
protection insulating film 41 is deposited on the major surface of the upper ultra-thin 
film semiconductor integrated circuit device layer, a hole is provided in a desired 
terminal part 62 of the upper and under ultra-thin film semiconductor integrated circuit 
device layers, to which a power source potential is applied. Then, a second laminated 
film 43 of a low resistance polycrystalline Si film and a tungsten (W) silicide film is 
formed all over the surface again. Last, a connection is made in a desired part so that a 
ground potential and a power source potential are applied to the first and the second 
laminated films 42 and 43 respectively (Fig. 13). 
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[0031] The semiconductor integrated circuit device which is manufactured according 
to the manufacturing method described above has the characteristics of ultrahigh 
integration in the lamination direction and ultrahigh speeding of the semiconductor 
integrated circuit device according to the above-mentioned embodiment 4, as well. In 
addition, as for the semiconductor integrated circuit device according to the present 
embodiment, higher operation, compared to the embodiment 4, can be achieved. In 
the semiconductor integrated circuit device of the present embodiment, any of the 
power source voltage applied terminal and the ground potential applied terminal on the 
chip is connected with the conductive layer structured in the form of a sheet in almost 
the whole region on the top and bottom of the semiconductor integrated circuit device 
layer. Because of this, the ground resistance and the power source resistance are 
defined by the layer resistance from the voltage supply point to each terminal, so that 
the ground resistance and the power source resistance can be greatly reduced, compared 
to the case in which the ground resistance and the power source resistance are defined 
by the wiring resistance based on the effective length and width of the wiring which is 
extended from the voltage supply point to each terminal, as the conventional 
semiconductor integrated circuit device. The reducing effect of the ground resistance 
and the power source resistance has more efficiency as the area occupied by the 
semiconductor integrated circuit device is enlarged. 

[0032] (Embodiment 6) In the embodiment 5, only an n-channel MOS transistor is 
structured on the ultra-thin film semiconductor integrated circuit device layer to be 
directly laminated on the semiconductor substrate 31 with the polycrystalline Si film 28 
therebetween, and only a p-channel MOS transistor is structured on the ultra-thin film 
semiconductor integrated circuit device layer that is structured in lamination on the 
upper part of the ultra-thin film semiconductor integrated circuit device layer, and a 
semiconductor integrated circuit device made of a complementary MOS transistor is 
manufactured with a laminated structure. The numeral 7 is a ground potential applied 
terminal, and 62 is a power source potential applied terminal. The connection of the 
n-channel and the p-channel transistors for the complementary MOS transistor is made 
by an interlayer connection wiring 17 between ultra-thin films. 

[0033] As for the semiconductor integrated circuit device manufactured according to 
the manufacturing method described above, the n-channel MOS transistor and the 
p-channel MOS transistor are structured on different ultra-thin films. Therefore, the 
manufacturing process in which a semiconductor substrate is separated to make regions 
where transistors of each conductivity type are structured (it is called well region) and 
the occupied region for that can be omitted. In this way, reduction of the 
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manufacturing cost and even higher integration can be achieved. In addition, the 
transistors having different conductivity type are completely separated from each other, 
with different layers, so that mutual interference between adjacent elements, such as a 
latch-up phenomenon is completely dissolved. 

[0034] (Embodiment 7) Fig. 14 to Fig. 15 are cross-sectional views in which a 
semiconductor integrated circuit device according to a seventh embodiment of the 
present invention is shown in order of the manufacturing process. Slots of a desired 
pattern are formed from the major surface side of a p-type low resistance Si substrate 31, 
and a thin insulating film 32 is formed on the side wall of the slots by thermal oxidation. 
Then, a low resistance polycrystalline Si film 33 added with an impurity is deposited on 
the whole surface so as to fill the slots. After that, mechanical polishing is performed 
to planarize the major surface, and the polycrystalline Si film 33 region is structured 
separated from the Si substrate 31 (Fig. 14). 

[0035] Here, an insulating film for isolation between elements, gate electrodes 46 and 
47, an n-type low resistance diffused layer, an electrode protection insulating film and 
the like according to a desired circuit structure are formed on a separately prepared 
single crystal Si substrate 1 of p conductivity type, and then an ultra-thin film single 
crystal semiconductor integrated circuit device layer 1 whose thickness is defined by the 
bottom surface of the insulating film for isolation between elements is formed, 
according to the embodiment 1. The above-described ultra-thin film is bonded to the 
Si substrate 31 manufactured up to Fig. 14, based on the accurate alignment, according 
to the embodiment 1. The bonding is performed using a coating film of a fluorine 
resin as an adhesive 34. After that, the transparent quartz substrate used for the 
alignment is removed, and a hole is provided in an ultra-thin film Si layer in a desired 
diffused layer region and the adhesive layer 34 just beneath. Then, an electrode 49 to 
electrically connect the separated polycrystalline Si film 33 and the desired diffused 
layer region is formed. Next, an electrode protection insulating film is deposited on 
the whole surface, and a hole and a wiring electrode 14 which structures a bit line are 
formed for the connection with a desired diffused layer region 48, so that a 
semiconductor memory device with one capacitance element and one transistor as a 
basic unit (Fig. 15). 

[0036] As for the semiconductor integrated circuit device manufactured according to 
the manufacturing method described above, the semiconductor substrate where the 
capacitance element is structured and the semiconductor substrate where the control 
transistor is structured are manufactured separately and then integrated together by 
lamination, so that restrictions of the manufacturing process and the layout, concerning 
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manufacturing a capacitance element, are greatly eased. Therefore, the depth of the 
slot formed on the Si substrate 31 and the slot area which can be extended to the bottom 
of the transistor can be set to be desired values, so that a large enough capacitance value 
can be realized for a memory capacitance element part. In this way, malfunction based 
on a ray irradiation can be dissolved dramatically. 

[0037] (Embodiment 8) Fig. 16 is a cross-sectional view showing a semiconductor 
integrated circuit device according to an eighth embodiment of the present invention. 
In the present embodiment, a semiconductor substrate 35 where a thermally-oxidized 
film 36, a refractory metal silicide film 37 on the thermally-oxidized film 36, which is 
patterned corresponding to a desired circuit structure, and a low resistance 
polycrystalline Si film 38 deposited all over the surface on the refractory metal silicide 
film are structured on the major surface is used, instead of the Si substrate 31 on which 
a capacitance element should be structured in the embodiment 7. The refractory metal 
silicide film 37 may be structured all over the surface without patterning, depending on 
the desire. Here, formation of a slot for a capacitance element is performed in the 
polycrystalline Si film 38 region, and after formation of a thin insulating film on the 
processed surface, the slot region is filled with a low resistance polycrystalline Si film 
33. After that, the polycrystalline Si films 33, 36 and the like on the major surface of 
the semiconductor substrate 35 are planarized by mechanical polishing. Then, the 
planarized surface and the ultra-thin film Si layer are bonded together according to the 
embodiment 7, and the manufacturing process after that is continued, so that a 
semiconductor integrated circuit device is manufactured (Fig. 16). 
[0038] As for the semiconductor integrated circuit device manufactured according to 
the manufacturing method described above, the polycrystalline Si film 38 which 
structures one electrode of the capacitance element is connected with the refractory 
metal silicide film 37 with even lower resistance electrically, and it can follow at a faster 
pace with respect to application of a plate potential. By this, the speed of reading and 
writing of memory can be further increased, compared to the semiconductor integrated 
circuit device of the embodiment 7. 

[0039] (Embodiment 9) Fig. 17 is a cross-sectional view showing a semiconductor 
integrated circuit device according to a ninth embodiment of the present invention. In 
the present embodiment, lamination of semiconductor integrated circuit devices 
according to the embodiment 2 is repeated and a semiconductor integrated circuit device 
with a multilayer structure is manufactured. In Fig. 17, the numeral 11 is a 
semiconductor support substrate, 50 is a first ultra-thin film Si layer structuring a main 
storage. The numerals 51, 52 and 53 are a second, a third and a fourth ultra-thin film 
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Si layers and each of them structures an extended storage. 

[0040] As for the semiconductor integrated circuit device according to the present 
embodiment, increase in arithmetic processing time due to wiring delay in a 
conventional semiconductor integrated circuit device can be greatly reduced, by the 
effect of lengthwise high integration due to an accurate alignment lamination structure. 
[0041] (Embodiment 10) In the present embodiment, as the 51, 52 and 53 of the 
embodiment 9, a cache storage is structured. The semiconductor device to structure 
the cache storage is made by an ultrahigh-speed bipolar transistor. A main storage 50 
is structured by a MOS transistor. 

[0042] As for the semiconductor integrated circuit device according to the present 
embodiment, exchange of the storage data between the cache storage and the main 
storage is possible instantaneously, by the effect of lengthwise high integration due to an 
accurate alignment lamination structure, therefore a cache storage of large capacity can 
be provided. By this, operation speed of the whole storage can be greatly increased, 
and information of large capacity can be stored. 

[0043] (Embodiment 11) Fig. 18 is a cross-sectional view showing a semiconductor 
integrated circuit device according to an eleventh embodiment of the present invention. 
In the present embodiment, lamination of semiconductor integrated circuit devices 
according to the embodiment 10 is repeated and a semiconductor integrated circuit 
device with a multilayer structure is manufactured. In Fig. 18, the numeral 54 is a 
central processor, 50 is a main storage, 51 to 53 are an order processor, a system control 
device, an input-output processor, an extended storage and the like, and these are 
laminated in a plurality of layers according to the embodiment 2, so that a 
semiconductor integrated circuit device structuring an ultrahigh-speed computer. 
[0044] As for the semiconductor integrated circuit device according to the present 
embodiment, the connection length between devices is extremely decreased, by the 
effect of lengthwise high integration due to an accurate alignment lamination structure. 
By this, the number of times order processing is made per 1 second can be greatly 
increased, compared to a conventional large computer made by assembling 
semiconductor devices and the like. 

[0045] (Embodiment 12) Fig. 19 and Fig. 20 are cross-sectional views showing a 
semiconductor integrated circuit device according to a twelfth embodiment of the 
present invention. A first technique of the present embodiment is shown in Fig. 19, 
and a second technique is shown in Fig. 20. Fig. 19 is a semiconductor integrated 
circuit device of the present embodiment, manufactured according to the same 
manufacturing method as the embodiment 2, and semiconductor integrated circuit 
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device layers having the same function are aligned top and bottom and structured by 
lamination. Furthermore, a transistor to control the current path is placed serially for 
each desired unit circuit in each semiconductor integrated circuit device layer. The 
numerals 55 and 56 are gate electrodes of the transistor in each of the adjacent 
semiconductor integrated circuit device layers. 

[0046] As for the semiconductor integrated circuit device according to the present 
embodiment, non-defective yield that decreases as the area and the scale of a 
semiconductor integrated circuit device are enlarged can be improved. That is, in the 
case where a desired unit circuit in any of the laminated semiconductor integrated 
circuit device layers has a defect, the path is blocked by the transistor which is 
connected in series with the defective circuit (a transistor which is controlled by the gate 
electrode 55, for example), and a transistor (a transistor which is controlled by the gate 
electrode 56, for example) is made conductive so as to select only the path on the side of 
a non-defective desired unit circuit. In this way, the situation in which the existence of 
a defective circuit in one part makes the semiconductor integrated circuit device 
defective and the non-defective yield is greatly decreased can be greatly improved, 
which paved the way for further enlargement of the area and the scale of a 
semiconductor integrated circuit device. The defective part in each semiconductor 
integrated circuit device layer is checked by measurement beforehand in the stage where 
each semiconductor integrated circuit device layer is formed, and then lamination is 
made. 

[0047] Another technique of the present embodiment is a semiconductor integrated 
circuit device shown in Fig. 20, and semiconductor integrated circuit device layers 
having the same function are aligned top and bottom and structured by lamination, 
according to the embodiment 4. The difference from the embodiment 4 is as follows: 
after manufacturing each semiconductor integrated circuit device layer, a defective part 
in the desired unit circuit is identified by electrical measurement, and the current path of 
the defective unit circuit (the indicated region of the upper semiconductor integrated 
circuit device layer in Fig. 20, for example) is broken by a laser beam which is finely 
narrowed, so as to make a region 39 which is in an electrically open state. By this, by 
this, as for the semiconductor integrated circuit device in Fig. 20, a structure in which 
the path on the side of a non-defective desired unit circuit (the indicated region of the 
under semiconductor integrated circuit device layer in Fig. 20, for example) is selected 
via a connection wiring electrode 17, as the current path, is realized. That is, the same 
relief of a defective unit circuit part as the case of another technique of the present 
embodiment shown in Fig. 19 becomes possible. As for the present technique, the 
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extra transistor required for relief of a defective unit circuit is not needed, therefore 
increase in the occupied area can be avoided and the enlargement of the area and scale 
of a semiconductor integrated circuit device can be further promoted, compared to the 
semiconductor integrated circuit device shown in Fig. 19. 

[0048] (Embodiment 13) Fig. 21 and Fig. 22 are schematic diagrams showing 
manufacturing equipment of a semiconductor integrated circuit device of the present 
invention. The semiconductor integrated circuit device in each embodiment described 
above is manufactured using the manufacturing equipment of the present embodiment. 
In order to align two semiconductor substrates or semiconductor thin films 75 and 76, 
on which a pattern is formed, with high accuracy, and bond them to each other, it is 
needed to correct the expansion and contraction, distortion or the like unique to each 
semiconductor substrate or semiconductor thin film, based on the film formation, so that 
they are aligned to each other with high accuracy. In Fig. 21, a second stage 72 and a 
third stage 73 are placed on a first stage 71. A substrate 75 and a substrate 76 are 
vacuum-contacted to the stage 72 and the stage 73, respectively. Each substrate is 
conveyed to the stage, in the condition of being relatively pre-aligned to the stage. A 
regular automatic conveying mechanism is used for conveying the substrate. The 
stage 72 and the stage 73 have a rolling mechanism respectively, and the chip 
arrangement on the substrate can be set to be parallel to the movement axis of the stage. 
A target mark for orientation is formed on the substrate, and position detection of the 
target mark is performed by position detecting optical systems 77 and 78. In this 
equipment, it is structured to align the substrate 76 with respect to the substrate 75. 
The relative position error of the substrate 75 and the substrate 76 is measured by the 
position detecting optical systems 77 and 78. When there is a position error, the 
substrate 76 is deformed by a substrate deformation mechanism on the stage 73 and 
controlled so that there is no position error between the substrates 75 and 76. 
Segmentated substrate absorption blocks are placed on the stage 73, and each block 74 
is structured so as to be able to move by itself by a piezo element. The position of the 
substrate is perceived relatively with respect to stage marks 80 and 81. The substrate 
75 and the substrate 76 have positional relation of mirror reversal, and the positional 
relation of them are data-processed in a computer control system 83, based on the 
information from a position perception part 79. The data is processed in a substrate 
deformation control mechanism 82, and the segmentated substrate absorption blocks 
74 are moved, so that the substrate 76 is deformed. By this operation, the same 
formation can be made, in the condition where the substrate 76 is mirror-reversed with 
respect to the substrate75. 
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[0049] In the next step, as shown in Fig. 22, the substrate 75 is mirror-reversed in the 
condition of being fixed to the stage 72, and moved so that the major surface of the 
substrate 76 and the major surface of the substrate 75 face each other. A movement 
mechanism is not shown in the figure, but a regular arm-type moving mechanism is 
used. In this condition, position of the stage marks 80 and 81 is detected using a 
position detecting optical system 84. The data is processed in the computer control 
system 83. This data is processed in a stage position control system 85, and the stage 
73 is moved by a movement mechanism 86 and positioned relatively to the stage 72. 
After that, the substrate 72 is lowered by a vertical movement mechanism of the stage 
72 and attached to the substrate 73, which completes the lamination. To perform the 
lamination well, slight tilt of the stage 72 can be set. By the series of operations 
described above, the substrate 75 and the substrate 76 having different deformation can 
be corrected to have the same formation and laminated. In the embodiment described 
above, a mechanism of moving the segmentated substrate absorption block 74 by a 
piezo element is used for the deformation mechanism of the substrate 76, but another 
technique may be used. A method in which the absorption block 74 is moved by a 
thermal deformation plate, a method in which the position is changed by using pressure 
of liquid or gas, or the like is possible, for example. That is, feature of the present 
equipment is having a mechanism which can deform the formation of a substrate freely. 
Here, function of the equipment is described, segmentating the equipment. However, 
feature of the manufacturing equipment of the present embodiment is the same, when 
Fig. 21 and Fig. 22 are in the same equipment or they are structured as different pieces 
of equipment. Furthermore, although the description of mechanisms that are not 
directly related to the feature of the manufacturing equipment of the present 
embodiment is omitted, mechanisms required for regular position alignment equipment 
are added. A temperature control mechanism for the whole equipment, a stage 
position length measurement mechanism, a substrate cassette-to-cassette conveying 
mechanism and the like are the examples. In addition, as the other version of the 
present equipment, it is possible to measure the deformation of the chip arrangement 
from the rear surface of the substrate 75, as shown in Fig. 22. In the case where the 
deformation of the substrate 76 is measured, the stage 72 needs to be taken to the 
position which doesn't disturb the detection. In this case, the stage 71 in Fig. 21 is not 
needed, so that the miniaturization of the equipment is achieved. The substrate 75 or 
76 which uses the manufacturing equipment of the present embodiment doesn't need to 
be limited to a regular single crystal semiconductor substrate where a semiconductor 
integrated circuit device is manufactured, and it may be a semiconductor integrated 
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circuit device layer which is manufactured on a single crystal ultra-thin film Si film 
laminated by an adhesive on a semiconductor substrate as a support substrate, as 
described in the embodiment 1 and the like. The above-described single crystal 
ultra-thin film Si film may be laminated directly, without using an adhesive. In this 
case, after accurate alignment, adhesion and bonding according to the present 
embodiment are performed between semiconductor integrated circuit device layers, the 
substrates 75 and 76 are removed from the manufacturing equipment of the present 
embodiment and soaked in a solvent of the adhesive, so that the support substrate is 
detached. In the case of direct lamination without using an adhesive, the support 
substrate is removed by grinding, polishing or the like. 

[0050] (Embodiment 14) In the embodiment 13, as shown in Fig. 21, position 
detection using the position recognition target on the substrates 75 and 76 is performed 
in the condition where the major surface of the substrates 75 and 76 faces upward. In 
the present embodiment, by structuring the substrate 75 and the second stage 72 so as to 
be able to transmit visible light and ultraviolet rays, it is performed in the condition 
where the substrate 75 is mirror-reversed, that is, the substrate 75 and 76 ate kept Where 
they ate, as shown in Fig. 22. The recognition may be performed between the position 
recognition target marks on the substrate 75 and the substrate 76, omitting the second 
stage 72. Here, the position recognition target mark on the substrate 76 is identified by 
the detecting optical system 77, passing through the substrate 75. According to the 
present embodiment, the alignment mechanism between substrates by the stage marks 
80 and 81 used in the embodiment 13 can be omitted, and even more direct alignment 
between the substrates 75 and 76 becomes possible, so that simplification of the 
equipment is achieved. Furthermore, in the embodiment 13, disadvantage that position 
recognition becomes impossible arises in the case where substantial position 
unconformity exists between the substrate 75 and the second stage 72. However, in 
the present embodiment, the existence of substantial position unconformity between the 
substrates 75 and 76 is quite obvious, and can be corrected easily. 
[0051] In the present embodiment, by structuring the substrate 75 and the second 
stage 72 so as to transmit ultraviolet rays, the detecting optical system 77 of shorter 
wavelength, compared to the case where only infrared rays are transmitted as the case of 
a regular Si substrate, can be used. Therefore, more accurate position detection is 
possible. It is preferable that the second stage 72 is a transparent quartz substrate, 
considering the transmitting characteristic of ultraviolet rays and the availability, and the 
substrate 75 is a semiconductor integrated circuit device layer of a single crystal Si 
ultra-thin film laminated by a thin adhesive (especially a fluorine resin adhesive, which 
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can transmit ultraviolet rays) on the transparent quartz substrate. Here, the thickness 
of the Si ultra-thin film is preferably 100 nm or less, for transmitting ultraviolet rays. 
As for the substrates 75 and 76 for which processes of accurate position detection, the 
bonding after that, and ultra-thinning of the film and the like are performed according to 
the present embodiment, the transparent quartz substrate is removed according to the 
embodiment 1 or 2, so that an ultra-thin film is formed* 

[0052] In the embodiments 13 and 14, the factor of interfering the accurate alignment 
between the substrates 75 and 76 is based on film formation on the substrate, which is 
essential to manufacturing an integrated circuit device structured on the substrate 75 and 
76 respectively. That is, because of internal stress that various insulating films and 
metal films formed on the substrate themselves have and thermal stress based on the 
difference in coefficient of thermal expansion from the substrate, caused by various heat 
treatments performed in the condition of film formation on the substrate, the substrate 
where a semiconductor integrated circuit device or a semiconductor integrated circuit 
device layer is structured produces warpage so as to be concave or convex to the top. 
In this way, distortion, expansion and contraction are caused on the pattern on the 
substrate surface. The above-described distortion, expansion and contraction of the 
pattern are especially pronounced in the adjacent region of the substrate. In the step of 
performing accurate alignment between two substrates, in order to substantially reduce 
the effect of the above-described distortion, expansion and contraction of the pattern, it 
is solved when the warpage on the two substrates where integrated circuit devices are 
manufactured is controlled uniformly. As one of the techniques, the two substrates are 
structured to be plane respectively. Specifically, although the substrate 75 is 
vacuum-contacted to the stage 72 and the substrate 76 is vacuum-contacted to the stage 
73 in the embodiments 13 and 14, the vacuum contact can be realized by absorbing the 
substrate strongly by the stage having many absorption holes and whose surface is 
extremely flat. As more absorption holes are structured, the absorption substrate can 
correspond with the shape of the stage well, so the stage with a porous structure is 
preferable. By this, the major surfaces of the two substrates for which accurate 
alignment is performed can be kept flat, and the distortion, expansion and contraction of 
the pattern can be minimized. From a viewpoint of controlling the distortion, 
expansion and contraction of the pattern on the major surface of the two substrates, the 
major surfaces are not necessarily plane, and they may be controlled to be desired 
curved surfaces so that the distortion, expansion and contraction are the same. 
[0053] (Embodiment 15) Fig. 23 is a cross-sectional view in which a manufacturing 
method of a semiconductor integrated circuit device according to a fifteenth 
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embodiment of the present invention is shown/ In the present embodiment, a 
technique in which the accuracy of the alignment between the two substrates is stricter 
is pursued. As described above, the distortion, expansion and contraction of the 
pattern formed on the substrate surface depend in good part on the thickness of various 
insulating films and metal films formed on the substrate in the manufacturing process of 
ah integrated circuit device and heat treatment history after the formation of various 
films. Therefore, it is, in a manner, unavoidable that distortion, expansion and 
contraction specific to the integrated circuit device arise on the pattern of the integrated 
circuit device formed on the semiconductor substrate. Reflecting the above-described 
situation, in the present embodiment, two substrates are laminated, assuring the accurate 
alignment. That is to say, the two substrates to be laminated have the same past 
records such as the film formation condition. In Fig. 23, 57 and 56 are semiconductor 
integrated circuit device layers of single crystal Si ultra-thin films respectively, and they 
are ultra-thinned and laminated according to the embodiment 2 or 3. The numeral 30 
is a transparent quartz substrate, and it is bonded to an ultra-thin film 57, by using a 
water-soluble adhesive 26 and a fluorine adhesive 34. The manufacturing process of 
57 and 58 are different, and the amounts of warpage of the semiconductor substrates are 
different from each other in the step before ultxa-thinningof the film, that is, the step in 
which the semiconductor integrated circuit device is formed on the major surface of the 
semiconductor substrate. For such semiconductor substrates, in the present 
embodiment, an insulating film having different coefficient of linear expansion from 
that of the semiconductor substrate is deposited so that the direction and amount of the 
warpage of the two semiconductor substrates are controlled to be the same. The 
deposition of the insulating film described above may be performed on any surface of 
the semiconductor substrate. After that, accurate alignment and bonding of the two 
semiconductor substrates are performed, using the equipment described in the 
embodiment 13. The amounts of distortion, expansion and contraction of the pattern 
are almost equal between the two substrates with the same direction and amount of the 
warpage. Therefore, relative pattern misalignment is resolved, and good alignment can 
be performed. 

[0054] Two ultra-thin films 57 and 58 manufactured by the same manufacturing 
processes are bonded to the transparent quartz substrates 30 respectively, and they are 
laminated directly without using an adhesive, using the equipment described in the 
embodiment 13 again, so that an ultra-thin film of four-layered structure is made. 
After that, one of the transparent quartz substrates 30 is removed by melting the 
water-soluble adhesive 26, and the rest is bonded to a separately prepared support 
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substrate. Then, the other transparent quartz substrate 30 is also removed by melting 
the adhesive 34, so that a semiconductor integrated circuit device is completed. In 
manufacturing the above-described ultra-thin film of four-layered structure, the 
overlapping two ultra-thin films 57 and 58 are manufactured by exactly the same 
manufacturing processes, and have the same cross section structures. By this, pattern 
misalignment generated on the overlapping two ultra-thin films 57 and 58 is relatively 
equal, and correct alignment can be realized easily without a special measure. 
(Embodiment 16) Fig. 24 is a plan view in which a manufacturing method of a 
semiconductor integrated circuit device according to a sixteenth embodiment of the 
present invention is shown. In each embodiment described above, description of a 
semiconductor integrated circuit device of the present invention, including the 
manufacturing method, is made. In any of the embodiments, a technique in which a 
semiconductor integrated circuit device or a semiconductor integrated circuit device 
layer is once bonded to a semiconductor substrate, a quartz substrate or the like that is 
separately prepared, and after performing desired manufacturing processes such as 
ultra-thinning of a film, the ultra-thin film is laminated on another substrate again by 
some method is used. In the technique described above, a semiconductor substrate, a 
quartz substrate or the like bonded first is released from a semiconductor integrated 
circuit device or a semiconductor integrated circuit device layer, and the release by a 
solvent is sometimes difficult, depending on the adhesive. This is because the 
thickness of the adhesive is small and the solvent doesn't spread into the adhering 
surface quickly. In order to spread the solvent into the adhering surface quickly and 
release the quartz substrate 72 from the semiconductor integrated circuit device or the 
semiconductor integrated circuit device layer 75 quickly, in the present embodiment, as 
shown in Fig. 24, the quartz substrate 72 having a plurality of microscopic 
through-holes 59 penetrating from the back face to the front face, formed in a desired 
part of the quartz substrate 72 to be released is used. Responding to the type of the 
adhesive, the number of through-holes 59 may be one. 

[0055] In the manufacturing processes of a semiconductor integrated circuit device 
according to the embodiment 1, 2 and the like, after a semiconductor substrate on which 
a semiconductor integrated circuit device or a semiconductor integrated circuit device 
layer is formed is bonded to a quartz substrate and desired manufacturing processes 
such as ultra-thinning of a film are performed, it is accurately aligned with and bonded 
to another semiconductor integrated circuit device or semiconductor integrated circuit 
device layer which is separately prepared. After that, the quartz substrate is released. 
In this releasing step, the comparison of the times required for the release between the 
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quartz substrate 72 according to the present embodiment and the quartz substrate 30 
having no through-hole 59 is made. Various cases using a water-soluble adhesive such 
as polyvinyl alcohol or a fluorine adhesive as the adhesive to be melted, setting the 
diameter of the through-hole 59, provided on the quartz substrate 72, from 10 \im to 200 
|im, and setting the number of through-holes 59 from 1 to 50 are studied. In any case, 
the one using the quartz substrate 72 with the through-hole 59 according to the present 
embodiment can shorten the time required for the release greatly to 1/10 or less. The 
quartz substrate 72 having the through-hole 58 of the above-described condition can 
operate exactly the same with the case of a quartz substrate having no through-hole 59, 
through the desired manufacturing processes such as bonding beforehand and 
ultra-thinning of a film after that, and there is no problem. 

[0056] Although the materials of the adhesive are specified in order to simplify the 
description in each embodiment described above, the spirit of the present invention is 
that the second adhesive is not melted when the first adhesive is melted. Therefore, 
the material of the adhesive is not limited at all, as long as it is within the condition 
above. In addition, melting of the adhesive is a step for enabling the manufactured 
ultra-thin film to be transferred to another support substrate. Therefore, when the rise 
in manufacturing cost by consumption of the adherend substrate is not considered, the 
adherend substrate may be removed by mechanical polishing and grinding after the 
ultra-thin film is transferred to another support substrate. 

[0057] (Embodiment 17) Fig. 25 to Fig. 26 are cross-sectional views in which a 
semiconductor integrated circuit device according to a sixteenth embodiment of the 
present invention is shown in order of the manufacturing process. In the embodiment 
2, in the condition of Fig. 6, an aperture is provided in a protection insulating film 12, 
and the aperture is filled with metal films 65 and 66 whose main material is Al, then it is 
planarized and cleaned so as to share the surface with the protection insulating film 12. 
In addition, a thick polycrystalline Si film 24 is deposited on a semiconductor integrated 
circuit device formed on another single crystal Si substrate 11 by the same process as 
Fig. 6, and the surface is polished for planarization. Then, an adhesion layer 23 of a 
fluorine resin is formed on the surface, an aperture which reaches the semiconductor 
integrated circuit device is provided in the adhesion layer 23, and the side wall of the 
aperture is insulated. After that, the aperture part is filled with metal films 67 and 68 
whose main material is Al, then it is planarized and cleaned so as to share the surface 
with the adhesion layer 23. After that, correct alignment is performed using the 
alignment equipment described above, and the two are bonded to each other (Fig. 25). 
[0058] After that, the second Si substrate 11 is heated to 100 °C so as to melt the wax 
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20, and it is released from the quartz substrate 30, then the residual wax is cleaned and 
removed with acetone. And selective etching of the polycrystalline Si film 22 is 
performed. The wax removing process described above has no effect on the adhesion 
layer 23 which is formed of a fluorine resin. Next, on the single crystal ultra-thin film 
Si layer 1, a wiring 18 is made based on a desired circuit structure, so that a 
semiconductor integrated circuit device is completed (Fig. 26). 

[0059] Memory cell arrays are laminated and integrated as a semiconductor integrated 
circuit device of the present embodiment, and the memory cell arrays in each layer are 
formed according to the same manufacturing process and the same heat treatment 
process, therefore they have the same function. The function is not affected by the 
lamination and integration at all The maximum wiring length in a conventional planar 
structure integration construction is shortened by the lamination based on the present 
embodiment, and improvement in access rate is achieved. Furthermore, the present 
embodiment is a structure in which the connection wiring is exposed to the adhering 
surface and the connection wiring can be made on the exposed surface. Therefore, it is 
clear that the present embodiment has an advantage in which it can be easily applied to 
lamination of three or more layers by expanding the technique of the present 
embodiment. 
[0060] 

[Effect of the Invention] According to the present embodiment, semiconductor 
integrated circuit devices can be aligned extremely accurately and laminated in a 
longitudinal direction, so that further high integration of a semiconductor integrated 
circuit device can be realized, independently of increase in the area. As for the 
above-described lamination, semiconductor integrated circuit devices in each layer can 
be laminated, keeping exactly the same characteristics and the same function, including 
the heat treatment process. According to the present invention, an ultrahigh 
performance, high capacity semiconductor integrated circuit device which is required 
for next generation and more advanced generation can be manufactured using the 
semiconductor manufacturing equipment in being, without requiring the new equipment 
investment such as enlargement of a diameter of a semiconductor substrate. 
Furthermore, according to the present invention, a plurality of various semiconductor 
integrated circuit devices structuring a system can be halfway-manufactured beforehand, 
and the system wanted by customers can be manufactured speedily and shipped, 
corresponding to the demand situation. Therefore, shortening of the manufacturing 
process and reduction of the cost are achieved. 

[0061] According to the present invention, basic circuits which structure 
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semiconductor integrated circuit devices can be manufactured on the same 
semiconductor substrate for each group of desired structure elements further, and an 
integrated circuit device can be made by integrating them on one basic circuit by the 
lamination. Therefore, the manufacturing process required for region separation and 
the occupied area can be omitted, compared to a conventional structure in which 
elements of different conductivity types are structured in the separated regions on the 
same substrate. In addition, restrictions on degree of freedom of element structure, 
based on mutual interference between adjacent elements and the manufacturing process 
of adjacent elements, can be resolved. By this, shortening of the manufacturing 
process and reduction of the cost are newly achieved. 

[0062] Enlargement of the capacity and the area of a semiconductor integrated circuit 
device increases the percentage of defectively manufactured elements or structure 
circuits. However, according to the present invention, defective regions can be 
selected per element unit or desired unit, and the current path can be switched to the 
normal element or region on the structure circuit side. By this, non-defective yield of a 
semiconductor integrated circuit device of enlarged capacity and area can be greatly 
improved. 

[0063] According to the present invention, in the manufacturing process of an 
ultra-thin film, when the ultra-thin film is transferred from a first support substrate to 
which the ultra-thin film is bonded to another support substrate, the first support 
substrate is released without consumption, so that a large scale semiconductor integrated 
circuit device can be manufactured at a low price. 
[Brief Description of Drawings] 

Fig. 1 is a cross-sectional view showing a conventional semiconductor 
integrated circuit device. 

Fig. 2 is a cross-sectional view showing a manufacturing process of a 
semiconductor integrated circuit device of Embodiment 1 of the present invention. 

Fig. 3 is a cross-sectional view showing a manufacturing process of a 
semiconductor integrated circuit device of Embodiment 1 of the present invention. 

Fig. 4 is a cross-sectional view showing a manufacturing process of a 
semiconductor integrated circuit device of Embodiment 1 of the present invention. 

Fig. 5 is a completed cross-sectional view of a semiconductor integrated circuit 
device of Embodiment 1 of the present invention. 

Fig. 6 is a cross-sectional view showing a manufacturing process of a 
semiconductor integrated circuit device of Embodiment 2 of the present invention. 

Fig. 7 is a cross-sectional view showing a manufacturing process of a 
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semiconductor integrated circuit device of Embodiment 2 of the present invention. 

Fig. 8 is a completed cross-sectional view of a semiconductor integrated circuit 
device of Embodiment 2 of the present invention. 

Fig. 9 is a cross-sectional view showing a manufacturing process of a 
semiconductor integrated circuit device of Embodiment 3 of the present invention. 

Fig. 10 is a cross-sectional view showing a manufacturing process of a 
semiconductor integrated circuit device of Embodiment 3 of the present invention. 

Fig. 11 is a completed cross-sectional view of a semiconductor integrated 
circuit device of Embodiment 3 of the present invention. 

Fig. 12 is a completed cross-sectionai view of a semiconductor integrated 
circuit device of Embodiment 4 of the present invention. 

Fig. 13 is a completed cross-sectional view of a semiconductor integrated 
circuit device of Embodiment 5 and 6 of the present invention. 

Fig. 14 is a cross-sectional view showing a manufacturing process of a 
semiconductor integrated circuit device of Embodiment 7 of the present invention. 

Fig. 15 is a completed cross-sectional view of a semiconductor integrated 
circuit device of Embodiment 7 of the present invention. 

Fig. 16 is a completed cross-sectional view of a semiconductor integrated 
circuit device of Embodiment 8 of the present invention. 

Fig. 17 is a completed cross-sectional view of a semiconductor integrated 
circuit device of Embodiment 9 and 10 of the present invention. 

Fig. 18 is a completed cross-sectional view of a semiconductor integrated 
circuit device of Embodiment 11 of the present invention. 

Fig. 19 is a cross-sectional view showing a manufacturing process of a 
semiconductor integrated circuit device of Embodiment 12 of the present invention. 

Fig. 20 is a completed cross-sectional view of a semiconductor integrated 
circuit device of Embodiment 12 of the present invention. 

Fig. 21 is a schematic diagram showing manufacturing equipment of a 
semiconductor integrated circuit device of Embodiment 13 of the present invention. 

Fig. 22 is a schematic diagram showing manufacturing equipment of a 
semiconductor integrated circuit device of Embodiment 13 of the present invention. 

Fig. 23 is a cross-sectional view showing a manufacturing process of a 
semiconductor integrated circuit device of Embodiment 15 of the present invention. 

Fig. 24 is a plan view showing a semiconductor integrated circuit device of 
Embodiment 16 of the present invention. 

Fig. 25 is a cross-sectional view showing a manufacturing process of a 



32/34 English Translation of JP 7-14982 



semiconductor integrated circuit device of Embodiment 17 of the present invention. 

Fig. 26 is a plan view showing a semiconductor integrated circuit device of 
Embodiment 17 of the present invention. 

Fig. 27 is a cross-sectional view showing an example of a conventional 
semiconductor integrated circuit device. 
[Description of Symbols] 
1: semiconductor substrate 
2: insulating film for isolation between elements 
3: gate insulating film 
4 and 5: gate electrode 
6, 7 and 8: diffused layer 
9 and 15: terminal electrode 
10: electrode protection insulating film 
11: semiconductor substrate 
14: wiring 

16: protection insulating film 
17: connection wiring 
18: wiring 
19: gate electrode 

20 and 25: wax 

21 and 23 adhesion layer 

22, 24, 27 and 28: polycrystalline Si film 

26 and 29: adhesion layer 

30: transparent quartz substrate 

31, 35 and 40: Si substrate 

32: thin insulating film 

33: low resistance polycrystalline Si film 

36: thermally-oxidized film 

37: low resistance conductive wiring 

38: polycrystalline Si film 

39: electrically open region 

41 and 44: electrode protection insulating film 

42 and 43: low resistance conductive film 
45: adhesion layer 

46 and 47: gate electrode 
49: electrode 
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50: ultra-thin film Si layer where a main storage is structured 

51, 52 and 53: ultra-thin film Si layer where an extended storage is structured 

54: ultra-thin film Si layer where a central processor is structured 

55 and 56: gate electrode of a transistor for current path control 

57 and 58: ultra-thin film semiconductor integrated circuit device 

59: through-hole 

61, 62 and 63: diffused layer 

71, 72 and 73: stage 

74: block 

75 and 76: substrate 

77, 78 and 84: position detecting optical system 
79: position perception part 
80 and 81: stage mark 

82: substrate deformation control mechanism 

83: computer control control system 

85: stage position control system 

86: movement mechanism 

201: first semiconductor integrated circuit layer 

202: second semiconductor integrated circuit layer 

203: insulating film 

205: interlayer wiring 

211: first wiring layer 

221: second wiring layer 

212: first active layer 

222: second active layer 

213: gate electrode of a first layer 
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